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ADVEHTJSKMENT. 


I HE Committee appointed by the Royal Society to direct tjic 
publication of the PkUomjihkal Tranmetions, take this opportunity 
to acquaint the Public, that it fully appears, as well from the 
council-books and journals of the Society, as from repeated de- 
clarations which have been made in several former Tramactiom, 
that the printinpj of them was always, from time to time, the 
single act of the respective Secretaries, till the Forty-seventh 
VoUimc: the Society, as a Body, never interesting themselves 
any further in their publication, than hy oceasirmally recom- 
mending the revival of them to some of their Secretaries, when, 
from the particular circamstauccs of their affairs, t he Transactions 
liad happened for any length of time to be. intermitted. And 
this seems principally to have l>ecn done with a view to satisfy 
the Public, that their usual meetings were then continued, for the 
improvement of knowledge, and benefit of mankind, the great 
ends of their first institution hy the Royal Charters, and wliieh 
they have ever since steadily pursued. 

But the Society being of late years greatly enlarged, and their 
oommunications more numerous, it was thought advisable that a 
Committee of their members should be appointed, to reebnaider 
the papers read before them, and select out of them such as they 
should judge most proper for publication in the future 'JVamm- 
which was accordingly done .upon the Sb’th of March, 
1753. And the grounds of their choice arc, and will continue to 
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be, the importance and singularity of the subjects, or the advan- 
tageous manner of treating tlieni ; withnut pretending to answer 
for the certainty of the facts, or propriety of the. reasonings, 
contained in the several papers so published, which must still 
rest on the credit or judgment of their re.s[>ectivc authors. 

It is likewise necessary on this occasion to remark, that it is 
an established rule of the Society, to which they will always 
adhere, never to give their opinion, as a Body, upon any .sub- 
ject, either of Nature or Art, that comes before them. A«<l 
therefore the thanks, which are frequently proposed from the 
Chair to be given to the authors of such papers as are read at 
their accustomed meetings, or to the persons through who.se 
hands they receive them, are to be considered in no other light; 
than as a matter of civility, in return for the respect shewn to 
the Society by those communications. The like also is to he 
said with, regard to the several projects, inventions, and curiosi- 
ties, of various kinds, which arc often exhibited to the Society j 
the authors whereof, or tho.se who exhibit them, frequently 
take the liberty to report, and even to certify in the public 
news-papers, that they have met witli the liighcst applause and 
approbation. And therefore it i.s hoped, that no regard will 
hereafter be paid to such reports, and public notices ; whicli 
in some instances have been too lightly creditetl, to the disho- 
nour of the Societyi 
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The Pbesident and CouNCit of the Rot At Socibtt ad- 
judged the Medal on Sib Godfrey Cofley’s Donation, for the 
year 1817, to Captain Henry Kater, F. R.S. for his Experi- 
ments on the Pendulum, 

And they adjudged the Gold and Silver Medals, on the Do- 
nation of Benjamin Count of Romford, to Sir Humphry 
Davy, LL,D. F. R. S. for his Papers on Couilmstion and Flame, 
published in the last Volume of the Philosophical Transaetiems. 
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I. On the great strength given to Skips of War by the application 
of "Diagonal Braces. By Robert Seppings, Esq, F. R. S. 

Read November 87, 1817. 

Since the time that I first suggested the principle of ap- 
plying a diagonal frame- work to ships of war, which was 
first partially and successfully adopted in the Kent, a seventy- 
four gun ship, in the year 1805, my mind has been conti- 
nually and anxiously turned to this important subject ; and 
it was not until the utility of the experiment had been fully 
established in the opinion of most naval officers, that I ven- 
tured to present to the Royal Society, a paper on the appli- 
cation of this well known principle to the construction of 
large ships of war, but which, as far as my knowledge 
extends, never had before that time been so applied, either 
theoretically or practically, in this, or any other maritime 
country ; and I am well assured, that no such application, or 
suggestion, appears in any of the Continental writers on 
navaL airchitecture. t merely mention this, because it has 
bea3 pretty broadly insinuated, that the idea was borrowed 
fram the I^nch. The propriety of a dififerent disposition of 
Mncccxvm. 
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the materials entering into the construction of a ship» has at 
different times, for more than a century past, been suggested 
by English ship-builders; and partial alterations h.ave, in 
consequence, been introduced; but no one, that I am aware 
of, has at any time proposed the system of a diagonal trussed 
frame. If I have received any assistance in the progress of 
this new system, now universally adopted in the British 
navy, it was from the plans and drawings of the celebrated 
bridge of Schaff hausen, and from no other source. 

The extensive application of this principle to no less than 
thirty-eight sail of the line, and thirty frigates, might per- 
haps be conclusive as to the advantage.s expected to be 
derived from the new system ; but as the Royal Society did 
me the honour to introduce rtty account of that system into 
their Transactions, at an early period of its ad(sption, I am 
led to hope that the result of a practical experiment, made 
with a view of proving the correctnes.s of the principle, may 
not be deemed an improper or an uninteresting corollary to 
my former paper. 

In the early part of this year (jSiy) the Ju.stitia, an old 
Danish seventy-four gun ship, was ordered to be broken up 
oh account of her defective state ; and having observed her 
to be considerably arched, or hogged, as it is usually termed, 
I determined, notwithstanding her age and defective state, 
to Itpply the trussing principle to a certain extent, with a 
view to observe yrhat^^e^ it would produce on a fabric 

; TO Welre directed to place sights on 

to hdr being takbn; into 
the ddcl;| ' and- to aseertaih, when ' she grounded on the 
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blocks, how inuch vshe had altered from the stale in which 
she was when afloat, 'rhey were then to place a certain 
number of trusvses (conformably with the annexed drawing, 
Plate L No. 1 . ) in the following manner : those in the hoki 
marked A, to be placed in an angle of 45", or thereabouts, 
and those marked 13 , at right angles to them ; those in the 
ports marked C to be placed from the midships forward, in 
an angle of about 40°, and, from the mid.ships aft, at the 
same angle, but in an opposite direction. As it was uncer- 
tain where the centre of fracture (or point of separation) 
would take place, a few of the port- holes about the centre 
of the ship were cro.ssod, as shown in Plate I. at D. 
Wcdge.s were applied to the heels of the trussc.s, which were 
then set tight. 'I'lie .ship being thus partially trussed, the 
water was then to be let into the dock, and the ship floated 
out of it into the bason, where .she wa.s to lay one hour, when 
a commillee wa.s to examine the .sight.s, and a.scertain how 
much the ship had altered ; and again, what change had 
taken place in twenty-four hours after floating. This being 
done, the trus.ses were to be di.scngage{I in a.s sitori a time a.s 
possible, in order to observe whether the effect of their re- 
moval would be instantaneous, or gradual. 

The following is an extract of the report of the committee : 

“.When the ship was in dock, on blocks j>crfectly straight, 
“ she came down in the midship.s, by the sight.s placed on 
** the gun-deck, two feet two inches and a half ; and by 
“ those on the upper deck, two feet three inches and a quar- 
“ ter j and when undocked, with the trusses complete, and 
« in their places, she hogged, or broke her sheer, by the 
“ sights on the gun-deck, one foot two inches ; and by those 
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extract of a letter from Capta’m Hohs u{ the N«»rfhumtt»*rlaju!, 
to Sir George Cockbukn, which was fr.iiisJTjifftfl t.» {hr 
Admiralty : 

“ I have to state, that the fore and aft side rrquircd caulk- 
“ ing on the passage frc»m England (which was jMiitally 
“ done) when the diagonal side did not : tht? f«»»v an«l aft sidf 
“ now requires caulking all over, and the diagonal side very 
"little; being, in my opinion, and that of llu' carpenier. 
** much in favour of the diagonal decks.*' 

On the return of the Northumherland to She«;rtH‘ss, the 
officers of the yard were directed very particularly survey 
her decks. After speaking of the favourable rcfnart nuulc to 
their enquiries by the officers of the .ship, they stated as 
follows ; 

This report of the officers was confirmetf by tlie gctieral 
"appearance of the sbip on ber arrival at this jwini. and 
'* having subsequently caulked am! minutely examined the 
** state of the decks and water-ways, we find the comparison 
** so much in favour of the larljoard side, as t<i tfetermine, fbat 
“ the diagonal system of laying decks is preferable to the 
" common system.” 
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II. A memoir on the geography of the north-eastern part of 
Asia, and 07 i the question whether Asia and America are con- 
tiguous, or aj-e separated by the sea. By Captain James 
Burney, F. R. S. 


Read December ii, 1817. 

A BELIEF has prevailed ft>r nearly a century, that the sepa- 
ration of America and Asia has been demonstrated by an 
actual navigation performed ; and it is distinctly so admitted 
in the charts. It is proposed to show in this memoir, in the 
first place, that there does not exi.st sati.sfactory proof of such 
a separation; and secondly, that from peculiarities which 
have been observed, there i.s cause to suppo.se the fact to be 
otherwise ; that i.s to say, that A:>ia and America are conti- 
guous, and parts of one and the same continent. 'I'his is not 
an opinion newly formed, but one which many years ago 
was impres.sed on other persons as well a.s on iny.self, by 
circumstances witnc.ssed when in the sea to the north of 
Bering's Strait with Captain Cook, in his last voyage. 

America, from its fir.st discovery by the people of Europe, 
was regarded by them as a land wholly distinct from their 
own native continent, till the failure of many attempts to 
discover a northern pa.ssage to India at length suggested the 
possibility that the Old and New World (ass they were then 
called) formed bat one continent. The solution of this 
problem, so far as regards a north-east ern navigaiibn to 
India, has been more naturally the business of the Russians 

MDcccxvur. C 
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than of any other people, as well on account of the greater 
facilities possessed by them for prosecuting the discovery, as 
for the superior benefit they would derive from a practicable 
navigation round their coasts to the Tartarian and Indian sea, 
should such be found. 

The memorable voyage of Semoen Deschnkw and his 
companions in 1648, by which the Russians first discovered 
the sea east of Kamschatka, (for before that time the river 
Anadir was supposed to run into the Icy sea), is the princi- 
pal circumstance which has been admitted as proof of a com- 
plete separation of Asia and America. It is important to 
remark, that this admission is not so old as tlie expedition on 
which it is founded, by nearly a century ; for no certainty of 
an absolute navigation having been performed round a north- 
eastern promontory and extremity of Asia was pretended till 
after the year 1736, when it was inferred by Professor 
Muwbr, from some original writings found at that time in 
Siberia, concerning Deschnew's voyage. Baron de Sts amlen- 
BEna, who had lived many years in Siberia, and whose de- 
scription of that country is of earlier date than MutiEs’s pub- 
lication, says of the expedition of 1648, that some Russians 
departed from the river Lena in boats towards the east, and 
by that route discovered Kamtschatka. But it was not un- 
derstood to have been by a clear navigation round the N.E. 
of Asia; for in a description subsequently written, he says, 
** a ofpebp^^^ whom has been given the denomtnafion 
« pf t'arilNiqinhabit the north-eastern extremity of Asia, 

officer, named Adassow^re- 
” t^at between the Kolyma and the Anadir were two 
« great wWeit be affirmed caald not both be 
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“ doubled by any vessel, because the west coast of the first 
“ is barred in the summer by floating ice, and in winter the 
“ sea there is frozen ; but at the second, the sea is clear, 

without ice,” 

Scheuchzer, the translator of K^empfer’s History of 
Japan, in an introduction to his translation, cites some re- 
marks which had been published concerning the Tartars, 
wherein it was said, “ the inhabitants of Siberia who live near 
“ the river Lena, and along the coast of the Icy ocean, in 
“ their commerce with Kamtschatka, commonly go with 
" their ships round a Suetoi Noss j^or sacred cape^J, to avoid 
“ t|[e Xschelatzki and Tschuktzki, two fierce and barbarous 
“ nations possessed of the north-east point of Siberia.” On 
this vague authority Scheuchzer concludes, that Asia is not 
contiguous to America. 

When Mr. Muller fii'st went into Siberia, no credited 
tradition appears to have been there current of the north-east 
extremity of Asia having been sailed round. Charts which 
were made in Siberia by people inhabiting the coasts of the 
Icy sea, showed uncertainty is .to be considered only 
as an expression of a belief of a great north-eastern promon- 
tory ; for at that part, the coast was not defined by any 
outline, but left without limitation : wliereas a more southern 
promontory, supposed the second from the Kolyma, was 
clearly delineated in the charts without any indication of 
doubt; and this last-mentioned promontoryi it is evident, was 
the caiie which was afterwards seen by Bering, and to 
which Captain Cook gave the nanMiof Cape East, «n account 
of jts bring , the niost eastern land known of Ask. In the* 
insemcfions. which were given by the Czar Peter the Gifeat* 
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for Captain Bering's voyage, the question whctlier Asia ant! 
America were contiguous or separate, was regarded as uiifle- 
termined, and some Tschuktzki people, with whom BKHiNti 
bad communication, informed him that, “ tlunr countrymen 
“ who traded with the Russians on the river Kolyma, always 
“ went thither by land with their merchandize? on sledges, 
“ drawn by rein-deer, and that they had never made the 
voyage by sea.” 

Mr. Muller has acknowledged that from the peru.sal of 
the papers found concerning the voyage of De.schnf.w, he 
adopted a belief which did not before prevail, and he re- 
garded it as a second discovery. Yet Mr. Mtir.r.Hit’s Qwn 
account fell very .short of warranting a certainiy of the man- 
ner in which Deschnbw arrived at the Eastern Son; and 
there is an irregularity in it which is perplexing. He says, 

* Deschnew in relating his adventures speaks only inciden- 

* tally of what happened to him by sea. We find no event 

* mentioned till he had reached the great c.api? of the 
‘ Tschuktzki. His wlation, * .say.sMr. MuLUiit,’ begitLs atthi.s 
‘ cape. It lies between the north and north-east, and turns 
‘ circular towards the river Anadir, Opposite to the cape 

* are two islands, on which were seen men through who.se 

* lips were run pieces of the teeth of the sea horse. With a 
‘ favourable wind one might sail from here to the Anadir in 
‘ three days and three nights.* 

The I cape or promontory which is here described is evi- 
dently in Bering's Strait; and in a subg^uent 

part of the account; ^Deschnew is represented to have said 
tha| the .vessel of Ankubimow; (One of 

his (^mpanioiifi} was wrecked, w'as not the first promontory 
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that had occurred, to which they had given the name of 
Switetoi Noss.’ The word Swiastoi signifies sacred, and is a 
name suitable to a promontory which could not be doubled. 
And this corresponds with the Siberian charts before noticed.* 

It is necessary here to explain by what means the naviga- 
tors in the Icy sea were enabled to arrive with their vessels 
at a second promontory, without having sailed round the 
first. On account of the frequency of being inclosed in the 
Icy sea, by the drift ice, it was customary to construct vessels 
in a manner that admitted of their being with ease taken to 
pieces ; by which they could be carried across the ice to the 
outer edge, and there be put together again. The planks 
were fastened and kept to the timbers only by leathern 
straps, in lieu of nails or pegs. The construction of the 
vessels in which Deschnew and his companions went is not 
specified. Mr. Muller calls them Kotsches. Baron Strah- 
LENBERG sajs they departed eastward from the river Lena 
in their boat$. 

In the beginning of the 18th century, the Czar Peter the 
Great sent directions to the Governor of lakutzk to collect 
information concerning the discoveries which had been made. 
In consequence of this order, several examinations and depo- 
sitions were taken ; and the few authentic particulars which are 
known of the voyage of Deschnew were thereby preserved. 
The most remarkable of the depositions which are cited by 
Mr. Muller, next to what relates to the expedition of 

* It may be objected to this in&reiice, that another cape in the Icy ;se«, ititimgh 
it has been sailed round, bears never|helcj8 the name of Swisstoi Noss } but it may 
naturally be imagined that the name was giren before the diiSedUy hadbewisur* 
mounted. 
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Deschnew, is one which was made by a person named 
Nikiphor Malgin, who stated that “ a merchant named 
“ Taras Staduchin, did many years before relate to him, the 
“ deponent, that he had sailed with ninety men in a Kotschc 
“ from the river Kolyma towards the great capo of the 
** Tschuktzki: that not being able to double it, they had crossed 
“ over on foot to the other side, where they built other vessels, 
“ The small breadth of the isthmus at the part where they 
crossed, is noticed as the most remarkable circumstance in 
“ this deposition." They afterwai’ds proceeded along the coast 
round the Kamtschatka Peninsula, till they came to the Pen- 
schinska gulf ; and, in the short account whicli is given of this 
navigation, is found, expressed in an obscure manner, the 
jlErsf notice obtained by the Russians of the Kurilski islands. 

This is a clearly described passage. Besides the expedition 
of Deschnew, and this of Taras Staduciiin, only one other 
ijostance is mentioned of any vessel having gone by sea from 
the Kolyma round the Tschuktzki coa.s*t ; and this last men- 
tioned case rests on the authority of an unauthenticated tra- 
dition, purporting that some man had gone in a vessel nut 
larger than a skiff, from the Kolyma to Kamtschatka ; and 
no other particular is. spoken of in the report. 

This was the state of the informatiem obtained concerning 
the nca#i-eastern extremity of Asia, at the time of Captain 
BwaiNo's voyage* The Asiatic side only of Bering*s Strait 
that voyage, and the coast of Asia being 
thei^ fbuhd Ip: talte a western direction, it had the effect of 
^ipg^ an impreasjonyequal to demonstration, of 4 total sppa- 
snp , Ai^ca., Aatd , after that tipjo, and ■ not. 
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before, Deschnew was believed to have performed the whole 
of his voyage from the Kolyma to the Anadir by sea. 

Many reports had circulated in Siberia of the existence of 
northern lands in the Icy sea; but persons sent purposely 
to examine, had not found land, which much discredited the 
reports. A chart in which a northern land was mar ked was 
however published at Petersburgh, about the year 1636, by 
a Colonel Schestakow, of the Jakutzk Kossaks, a man of 
great ability as well as enterprise. Neither Schestakow nor 
his chart, however, are favourably noticed by Mr. Muller, 
who was in general a candid historian. On Scmestakow's 
chart, the north land was marked with the name of the 
Large Country. M. de Lisle gave credit to Sohestakow’s 
map for the Large Country, which he makes appear on his 
own chart as a part of America, extending westward beyond 
the Kolyma. 

Between the years *734 and 1739, three expeditions were 
undertaken to ascertain the limits of Asia to the north and 
north-east, from which no advantage was reaped, and they 
were attended with circumstances of extraordinary distress 
and misery. These undertakings show that the boundary of 
Asia was not then regarded as ascertained. In 1764, a chart 
was sent from Siberia to Petersburgh, which again showed 
a continuation of the American continent stretching far to the 
wmty and opposite to the Siberian coast of the Icy sea. 

Between the years lydo and 1765?, no less than four at- 
tempts were made by one and the same individual, a Eusslailr 
merchant, named Shalau&op, to sail from the Icy s^ rotihd 
the north-east of Ask, , In the last of tliese .afctiih|»ts thk en- 
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terprising and persevering man perished, for neither himself 
nor any of liis people ever returned. 

The information which was oljtained in the first tliree 
attempts of Shalaurof, is simply, that he arrived at an 
island which he named Sabedei, and beyond it .sailed into a 
bay of the continent, which he named Tschaoon bay, which 
was estimated to be distant about 70 leagues to the east from 
the entrance of the river Kolyma. Here were found habita- 
tions and people. 

Tschaoon bay ran deep into the land .southward and east- 
ward, and probably it was from this place that Taras Sta- 
DUCHiN cros.sed over to the eastern sea. Northward frotn 
Tschaoon bay, the coa.st took something of a westerly direc- 
tion. The most advanced part of the land seen, wa.s a high 
mountain far off to the north-east, Shalaurof being then to 
the north of the island Sabedei. 

Among the attempts to determine the north-ea.stcrn limit'? 
of Asia, is to be reckoned the march of a .small Kossak 
army under the command of a Captain Paulutkici, which 
after traversing the Tschuktzki country, from the gulf of 
Anadir to the Icy sea, marched along the shore eastward, 
with intention to trace round the north-east coast ; but the 
land being found to run far north, and their provision being 
expended, Paulutzki was obliged to relinquish the attempt. 

Such was the state of the information whiclt had been ob- 
tsuned, when Captain Cook arrived in the sea of Kamtsdiatka. 
Of threej^f ages said to have, been accomplished from the 
I^,sea to tbe Eastet:;n sea, the manner of performing the 
yoyap is distinotfy^^d^^ only in one; and that is speci- 
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fled to have been by crossing an isthmus, and not by sailing 
round a promontory. 

I come now to speak of what was observed in the voyage 
of Captain Cook, The first extraordinary circumstance 
noticed on arriving in Bering's Strait, was a sudden disap- 
pearance of the tides. To the south of Bering's Strait, both 
on the Asiatic and on the American side, we had experienced 
strong tides. Near one of the Aleutian islands, where the 
ships had anchored, a tide was found running at the rate of 
seven miles per hour (as measured by the log) smooth and 
unruffled ; at the same time, in the middle of the channel 
between this island and the next, the rapidity of the stream 
kept the waters in a foam during four hours of the tide. 

Bering's Strait is formed at the narrowest part by two 
points, one named Cape Prince of Wales, which is the west- 
ernmost land known of America; and the other named 
Cape East, being the most eastern known land of Asia, 
Whilst we were to the south, and within sight of the Cape 
Prince of Wales, the wind and current, being in contrary 
directions, raised a sea that, frequently broke over the ships. 
On arriving within Cape Prince of Wales, the ships anchored, 
the east cape of Asia then bearing due west; and it is re- 
marked by Captain Cook, that whilst the ships lay there at 
anchor, which was from six to nine in the evening, there 
was found little or no current ; nor could it be perceived that 
the water either rose or fell. Afterwards, whilst to the 
northward of Bering’s Strait, we always had soundings of 
moderate depth, which enabled us to measure the stream 
with great exactness ; and we seldom found one running at 
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the rate of more tlian Haifa mile per hour: at no time at flu* 
rate of a mile. 

It is douhtIcs.s po.ssible, that large hotlies of iee taking the 
ground may choak up a cliannel between two seas, so as 
wholly to obstruct the tides ; but it is not j)r<)bable, tliat .such 
should have been the ca.se Itetvveen thi.s .sea and the Icy .sea, 
through the whole month of August and the beghming t)f 
September, to which time Ckiptain C'ook remained in the .sea 
north of Bering’.s Strait. And the same .stillne.s.s of tlie watcr.s 
was observed there in the ensuing .summer. The bottom 
also, not being .swept by streams, was of .stjft ooze, .so tena- 
cious that the .sounding line in ctunmon use wa.s not strong 
enough to di.sengagc the lead, and it became necessary to 
sound with a smaller lead and stronger line. 

From Bering's Strait, Captain Cook coa.sted the land of 
America, to the north and north-eastward, a.s near as weatiicr 
and other circumstance.s would admit, till, in latitude yo' 40' N. 
his farther advance wa.fi stopped by a cIo.se l>ody of ice to the 
N. and N. E, The ice, though compiict, vva.s not fixed, and 
was found to be approaching* the Americati coa.st. Captain 
Cook remarks, * as the ice was driving down upon ii.s, it was 
‘ evident, that if we remained longer between it and the lantf, 
‘ it would drive us ashore, unless it should happen to take 
‘ the ground before us.’ Captain Cook on this, as on many 
bt^er occasions, accommodated his views to the cireiim- 
staricet present, that there might be no unprofitable expen- 
diture of tinae} and it may be said that in all his changes of 
his measures; so directly adapted to his purpose, 
tha^lthout other comn^ his Intentions were Imme- 
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diately comprehended. The month of August was at this 
time far advanced ; and to make the most of the short re- 
mainder of the season, Captain Cook stood on westward for 
the coast of Asia, keeping in as high a latitude as the icc 
would permit. On the north side of his track were extensive 
bodies of ice, such as we call field ice. These generally are 
accumulations of loose floating pieces, which have been 
brought together by the*wind blowing a length of time in 
one direction towards a coast. When the ice is so driven to 
land, it is evident that the inner pieces only take the ground ; 
the rest are confined by the wind, and when a change in the 
wind afterwards sets the ice from the land, it will preserve a 
position parallel to that which the coast gave it, until the 
strength and variety of winds have time to disperse it. 

The deepest soundings wc had in all this sea did not ex- 
ceed thirty fathoms ; and this depth was found in latitude 
68° 45', midway between the coast of Asia and the coast of 
America. Northward, beyond that latitude, the soundings 
were observed to decrease : and in our run from the coast of 
America westward, we did not find the depth to increase, as 
is usual in running from land. Which peculiarities made us 
conclude, that there was land at no great distance from us to 
the north, and that wc were sailing on a line parallel with its 
coast. Northward of our track also, as we ran towards the 
Asiatic coast, was a continuity of ice whieh seemed as if 
formed into a close barrier by a long extent of coast. 

The nature of the soundings, with the absence <?£ tide, 
gave to this sea so much the character of a mediterranean 
sea, that some on board, in particular Mr. Bailey the astro- 
nomer, and myself, who being in the same ship communed 
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on the subject, were strongly of opinion that \vc sww in- 
closed by land to the north, and that Asia and America were 
there joined ; but we dared not venture to call in question 
the authority of Mullkr. 

If it is asked, whence then can conic the great quantity of 
ice which is found in this sea? an answer readily presents 
itself, It is known that the Icy sea is froxen over every 
winter ; and the northern part df this sea also lias been 
known to be frozen over early in the winter. When tliu 
return of summer breaks up the ice, it will of course fill the 
sea with broken pieces. 

Since the voyage of Captain Cook, little has been done 
towards ascertaining the termination of Asia. Commodore 
Billings, an Englishman in the service of Russia, was em- 
ployed to command an cx|)edition for this express purfiose, 
furnished with every as,sistancc that could be devised towards 
ensuring success. His instructions directed him to make his 
departure from the river Kolyma, and to endeavour to follow 
the coast thence eastward by sea ; with this additional instruc- 
tion, * that if coasting by sea should be found impracticable, 
‘ and the information obtained on the spot should give hofics 
‘ of effecting the purpose by land, he was then to etideavour 
‘ to trace the coast by going in the winter in sledges over 

* the ice/ , Kqssaks who had before been in the Tsdiuktzki 

country were selected to accompany Commodore Billings, 
gnd among them was one who was the son of a Tsdmktzki 
woman. agreement with them,’ said the Instructions, 

them the double of what is 

* to people, who serve at sea. And whereas on a 

* chart transmitted to us in the year 1754, a coast is marked 
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‘ Opposite to the Kolyma, which stretches as a continuation 
‘ of the continent of America, it will be of use if you can 
‘ survey and describe the circumstances of that land.’ 

The history of Commodore Billings's expedition may be 
told in few words. He sailed with two light vessels out of 
the Kolyma, on the a4th of June, 1787. He met with much 
ice, and on the soth of July, without having reached so far 
eastward as the island Sabedei, he relinquished the farther 
prosecution of the attempt by sea; at the very season, in fact, 
which was the most proper that could have been chosen for 
his outset from the Kolyma.’'^ In this short attempt, Com- 
modore Billings did not even get sight of the north land ; 
but an approach to it was to be inferred from the soundings. 
The .snow and ice were at this time rapidly dissolving, so as 
to cause currents to set for several days continuance in one 
direction ; and during tliat time, the water on the surface of 
the soa was so fresh as to be used for cooking, and .some- 
times for drinking. 

Afn rward.s, Commodore Billincls, with the consent of the 
Xschuktzki people, made a progrc.ss by land along a part of 
the Tschuktzki coast. Mo.st unaccountably, he chose for his 
point of outset for thi.s journey, the hay of Saint Lawrence, 
which i.s on the south side of Bering'.^ Strait, He landed in 
tlie month of August with a party con.sisting of twelve per- 
sons, and travelled northward, keeping near the coast as far 
as to a bay called Klutchenie, which is at the extreme part 
of the Asiatic coast seen in Captain Cook's voyage. By this 
time, winter had set in, and the sea was frozen over. The 

■ • His lieutenant (the present Adinirai Saretcheff) proposed and offered to proceed 

inoith^eaatward in a light boatl but his offer wa$ hot accepted* 
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season proved a severe one; the cold was extreme, and ihc 
wliolc party had already been so much fatigticd ami harass^-d 
with their journey from the bay of St. laiwrtjnce, that llu'\ 
were unable to pursue tlie coast farther northward. They 
afterwards, in their route westward toward.s the Kolyma, 
crossed a river, which, according to information from tin; 
Tschuktzki people, di.scharged itself into the .sea .seventy 
versts more north than the bay of Klutclienie. 

In all this uncertainty respecting the north-east termination 
of Asia, the particular most worthy notice i.s, that the 
Tschuktzki people themselves do not appear, from any of the 
accounts which have been publi,shcd, to know the extent of 
their country to the north, or to be able to give any satisfac- 
tory information concerning it, though it is known that .some 
of their nation have travelled from the continent toi.slands in 
the Icy sea. The charts of the pre.sent century, which Imvc 
asAimcd to give a limitation to Asia, diHbr a degree in the 
latitude of their northernmost cape. 

It doe.s not in the .smallest degree detract from the merit 
or fame of the first discoverers, to tjucstiori tliclr having 
navigated round the north-east of Asia. Whether they 
sailed round a promontory, or crossed an isthmu.s, they 
are equally entitled to the honour of having first discovered 
for their countrymen the sea east of Kamtscliatka. The most 
pipbabie chance of completing the di.scovery, or of arriving 
at any eerlsiinty concerning a north-eastern boundary of 
A^a, is doubtless that which was recommended by the 
RiMBwn gdmiralty to Cbmmodore Billings j i.e. to trace the 
coast in sledges when the sea is frozen. 

Ilie principal argument, and it is not a weak one, against 
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the probability of Asia and America being' joined, is, that 
northern land in the Icy sea has repeatedly been supposed, 
and reported, to be an extension of the American continent; 
and it does not appear in any of the accounts to have been 
reported, or supposed, to join the Tschuktzki country. In 
Captain Krusenstern's memoir on the lands in the Icy sea, 
it is related, that very lately was explored an extent of 250 
versts of coast of a northern land, which has been named the 
New Siberia. At the easternmost part which was seen of this 
land, the coast was observed to take a direction to the north- 
west. This direction of the coast might keep at a distance 
the supposition that it joined the Tschuktziki land : never- 
theless, the coast may, and is supposed by the Russian dis- 
coverer, M. Heder.stkoom, to turn afterwards to the cast ; 
for he gives it as his opinion that the New Siberia is a pro- 
longation of America. 

The Tschuktzki jieople would not explore farther north 
than afiprded a prospect of reward for their pains. This, it 
is seen, has led them to some of tlu; islands in the Icy sea; 
but no marks are noticed of their having been to the New 
Siberia. 

The times for making expeditions of discovery in the Icy 
sea has generally been predetermined ; but it would be more 
conducive to success to watch for favourable seasons. The 
state of the surface of the sea, when frozen, has also been 
found subject to much variation, depending upon the strength 
of the wind when the sea begins to be frozen. If in a calm, 
the surface will be smooth; if m boisterous weather, it will 
vbe rugged artd bad for travelling. . . ; 



in. Addit'mial ftictx reslnxlitv^ ifu' foxxil r<’Wi/fV/.v of ,tt! tipitHhi/, 
on the subject of which tzvo ftit/nrs Ihwe been pnnlcd in the 
Philosophical Transactions, shoxvinj^ that the hnnes nf the 
sternum resemble those of the ornithnrhynchus paradoxus, liy 
S-w Everard Home, BarU V. P. R. S. 

Read January s'i, i8t8. 

My first account of the fossil boin?.s of thi.s ino.»;t extraordinary 
animal attracted the notice of geologists, and collectors of 
extraneous fossils, and led Mr. Johnston of Brisud, anti the 
Revd. Mr. Buckland of Oxford, to assist me with the mate- 
rials in their possesMon, to make a farther progre.s.s in the 
description of its skeleton. An account of the.se .speciincn.s 
formed the substance of my .second paper. 

®nce that time I have frequently communicated with lhe.se 
gentlemen, also with the Rev. Peter Hawker of W«»d- 
chestcr rectory, Minchinhampton, and Dr. Caheknikk of 
Lyme ; and have received from them many specimens I had 
not seen before, some of which it was difiicult to determine 
to what part of the skeleton they belonged : but tliat lx»ing 
ascertained, and a similarity discovered to bones of the t»mi- 
thorhynchus paradoxus, that circumstance alone made them, 
in my opinion, of sufficient importance to become the .subject 
of a thiifd.ppinmunication to this Society. 

There i!j a& another reason for bringing forward these 
fia^ j and for dcahg so without any unnecessary delay } for, 
as my papers were the means by which I acquired 

them, their being made known to the public, may lead those 
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gentlemen who have opportunities of examining the cliffs in 
which the bones are found, to renew their labours, and assist 
in making out all the essential parts of the skeleton. 

In the description I am to give of the bones received, I 
shall begin with one, a part of which is shown lying on the 
scapula in Mr. Bullock’s specimen, engraved in the first 
Paper ; it was then taken for the portion of a rib accidentally 
brought there, but it is now found to have been nearly in its 
natural situation. It bears a resemblance to the clavicular 
bone in birds. In the annexed engraving (PI. II. Fig. i.) it 
is shown in its relative situation to the other bones. 

The bones of which the sternum is composed, are the 
next to be taken notice of: this part of the skeleton was 
first pointed out by my friend Mr. Buckland, who had 
visited every collection in which bones of this animal were 
known to be preserved ; he met with several specimens in 
which two fiat bones were united together, and their union 
ajvcrcd by a bone not unlike the upper bone of the sternum 
in quadruped.-?, which made him believe that all the three 
formed part of the sternum. These different specimens, at 
his request, were sent to London for ray inspection, and Mr. 
Buckland’s suggestion proves to be right. 

This discovery of the sternum destroys the analogy be- 
tween this animal and the cartilaginous fishes, which, while 
the materials were more scanty, I had been led to suspect, in 
consequence of the bones of the pectoral fin of the squalus 
having a greater degree of correspondence to the pi^foral 
fin or paddle of the fossil animal, than any other bbnes I 
baye examined. ■./,"/ , 

■ -MDCOcxvnr. " 
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As this form of the stcrnuin appeared at the time qtiite 
new, I was very anxious nt 3 t to fall into an error, and was 
re-examining, with Mr. Clift, the different specimens, when 
it struck him that there was something similar to this mecha- 
nism in the sternum of the ornithorhynchus paradoxus : this 
remark led to a comparison of the bones, and they were 
found to have a general agreement that could not have been 
expected. 

In the ornithorhynchus, the first bone of the .sternum, at its 
upper end, has two lateral processes, which arc connected 
with a similar proce.ss from each of tlie scapula* ; underneath 
the first bone are two flat honc.s united together, which union 
is covered by the first Iicnie. On the outer edge of these flat 
bones, there is a broad process continuietl tlown from the 
.scapula; in thi.s process is the hollow to whicli the first bom; 
or os humeri of the pectoral fin i.s articulated. 

It will he seen that the difference between tliest; hones of the 
sternum in the fo.ssil skeleton and that of tlic ornithorhyncliu.s, 
consists in the fossil skeleton having a clavicular hont*, which is 
wanting in the other; and thoonilthorhynehu.s having a long 
process from the scapula, in which is the cavity of the shoul- 
der joint, wanting in the fossil skeleton, These slight diffe- 
rehci^ at-e not readily peredved in, looking at the parts, 
will be seen bn ihspcctihg the annexed engravings, PI. II. 
'.F|g, 1, and 's. ' " 

; which has been described, gives a very 

unushal surfieg ^ the ibuscles attached to the stemum, 

^ moVe the iffrst bone of the pectoral fin ; and upon exa* 

maiWl & in the ornithorhynchus, I find there is itot bnly 
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the great pectoral muscle, going from the first bone of the 
sternum to the first bone of the pectoral fin, and a small one 
under it which may be called the small pectoral muscle ; but 
two large muscles, which have their origin from the flat bones 
and go to the first bone of the pectoral fin, or os humeri, and are 
inserted just below its head, that part being unusually broad, 
to allow of sufficient surface for their attachment. These 
muscles must be considered as peculiar to those animals that 
have this particular form of sternum. 

As these muscles probably belonged to the animal whose 
fossil bones are under consideration, as well as to the orni- 
thorhynchus, I have given them a particular description. 

Till the sternum was discovered, it could not be ascer- 
tained in what manner the animal breathed; and the ribs 
being attached to the middle part of the vertebrae, as in 
fishes, made me lean to the opinion that it breathed water; 
but I now find, on more attentive consideration, that there is 
a difference between the mode of attachment of the ribs in 
this animal and in fishes, which admits of their having the 
motion of elevation and depression required in breathing 
air. In fishes, the attachment is single; but here, as is 
shown in the engravings in a former paper, it is double; 
and the two are considerably apart, as in the bird. Till it 
was determined whether the animal breathed air or water, 
little attention was paid to the nostrils, further than to find 
their place on the skull ; more particularly as in the only 
head I had s^n, the bony scales of the opposite, eye had 
been pushed through an ajjejcture situated syjhsre I con»» 
sid^fd the opening tnust hnye been: but I 
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The two scapulae which differ from those in Fig. i. by 
extending below the two flat bones, and forming the whole 
of the glenoidal cavity of the shoulder. 
ghij Four bones belonging to the sternum. 

All the parts are of the natural size. 

' ^;v}pLATE'ni.' - 

fossil bone of the natural size, 
which appears to belong to the same animal. Its place in the 
skeleton cannot at present be ascertained, since it is not yet 
known whether in this animal there is a regular pelvis. It 
bears a greater resemblance to the first bone of the paddle 
than to any other ; so that if the animal has a posterior paddle, 
this mpst belong ,tp it. 
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IV. An Account of experiments for determining the' length of the 
Pendulum vibrating seconds in the latitude of London. By 
Capt. Henry Kater, F. R. S. 

Read January 29, 1818. 

To determine the distance between the point of suspension 
and centre of oscillation of a pendulum vibrating seconds in 
a given latitude, has long been a desideratum in science. 
Many experiments have been made for this purpose, but the 
attention of all who have hitherto engaged in the enquiry 
(excepting Whitehurst) appears to have been directed to 
the discovery of the centre of oscillation. The solution of 
this problem depending, however, on the uniform density 
and known figure of the body employed, (requisites difficult 
if not impossible to be ensured in practice,) it is not sur- 
prising that the experiments made by different persons should 
have been productive of Various results. 

When I had the honour of being appointed one of the 
committee of the Royal Society* for the investigation of this 
interesting subject, I imagined that the least objectionable 
mp4e of proceeding would be to employ a rod drawn as k 
wire, in vvhich, supposing it to be of equal density and dia- 
meter throughout, the centre of o^illatiph, as it is well 
'known, V9‘d'ui#;'be' vei^ nearly- kt"'the’- distance of twd-thirds'‘df-', 
the length of the ; 

:purpesed . by;■inver#hg.;>the^'T6d,i:e«d' 'taking, a-.-mean' ;of; they 
,,3reaults--'M'>-each' .pb8Mdh^;5tb''?'Ol^iate;-any^ .error '«rhK4i.;.i^ii|;? 
wccqxyuiv' ^ 
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arise from a want of uniformity in density or figure. After 
numerous trials however, and as frequent disappointments, 
I was at length convinced of the impracticability of obtaining 
a rod sufficiently uniform, and I was besides aware, that 
under certain circumstances errors might arise from this 
cause which it would be impossible by any method to 
detect. 

Not feeling at all satisfied with the prospect which the use 
of a rod presented, I endeavoured to discover some pro- 
perty of the pendulum of which I might avail myself with 
greater probability of success ; and I was so fortunate as to 
perceive one, which promised an unexceptionable result. It is 
known that the centres of suspension and oscillation are reci- 
procal ; or in other words, that if a body be suspended by its 
centre of oscillation, its former point of suspension .becomes 
the centre of osdllation,and the vibrations in both positions will 
be performed in equal times. Now the distance of the centre 
of oscillation from the point of sus|)ension, depending on the 
figure ot the body employed, if the arrangement of its parti- 
cles be changed, the place of the centre of oscillation will 
also suffer a change. Sluppose then a body to be furnished 
with a point of suspension^ and another point on which it 
to be fixed as nearly as can be estimated in the 
centre of oscillation, and in a line with the point of suspension 
end of* gravity. If the vibrations in each position 

net be equ^^ in equal times, they may readily be made 
; sOf ^ which the IMy is to 

betweem 'the centres of suspension .and 
;^lj^|^||^j:^||^:,|||:;^sten#|>eiween,the,two^^ about 

'being '.measured,, the 
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length of a simple pendulum, and the time of its vibration 
will at once be known, uninfluenced by any irregularity of 
density or figure.* 

An unexceptionable principle being thus adopted for the 
construction of the pendulum, it became of considerable im- 
portance to select a mode of suspension equally free from 
objection. Diamond points, spheres, and the knife edge, 
were each considered ; but as it was found difficult to procure 
diamond points sufficiently well executed, the knife edge was 
preferred, after many experiments had been made with 

* In th6 Connolssance desTetnps for 1820,1$ an article by M#de Prony on anew 
method of regulating Clocks, At the conclusion of this article is a short note, in 
which the author adds, J^ai propose en 1790 a 1* Academic des Sciences un moyeii 
de determiner la longueur du pendule en faisant osciller un pendule compose sur 
“ deux ou trois axes attaches a ce corps, (voyez mes Le90iis de Mecanique, art* 
« 1107 et suivans) II paroit qu*on a fait ou qu'on va faire usage de ce moyen cn 
** Angleterre,’’ On referring to the Lepons de Mecanique, as directed, I can perceive 
no hint whatever of the possibility of determining the length of the seconds pendulum 
by means of a compound pendulum vibrating on two axes, but it appears that the 
method of M. de Prony consists in employing a compound pendulum having three 
fixed axes of suspension, the distances between which, and the time of vibration 
upon each, being known, the length of three simple equivalent pendulums may 
thence be calculated by means of formulas given for that purpose. M. de 
indeed proposes employing the theorem of Huygens, of which 1 have availed 
myself, of the reciprocity of the axis of suspension and that of oscillation, as one 
aihdngst other meanfe of simplifying his formulae, and says, J^ai indique les moyens 
de conciiier, avec la condition I laquelle se rapportent ces formule$> celle de rendre 
moyen le reciproque de Pun des axes extremes j J ^emploie pour les ajustetnens 
qiPexigent m divierses conditions un poids curseur dont j^ai expose les proprietes 
dans tin m^rnoii-fe pabUfe Connolssance des Temps de iSiyP’ Now it appears 
evident from: viewed the th^ Huyoens 

solely: with stopHfication M his formulae ; for ha4 he perceivedi that 

he might thence haveobtfiuned nf o/iCi? tiie fength of the pendulum widiout further 
calcutalSoni "the inevitable ^ followed that his third axis 

tndhis' 'ferihute' weitVi^hoily; unnecessary; . , ’ ^ ^ ^ , 
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spheres, the result of which it may not he useless Au :i 
moment to dwell upon. 

It is known, that if two curved surfaces he ground tnget!: r 
in every po.ssible direction, they will bccomo jwrfion.s of 
spheres ; and thus a perfect sphere may ho farm«.d by grind- 
ing a ball in a hemispherical cup. If a jwndulmn vibrate on 
such a sphere, working in a conical aperture, it is evident 
that the centre of the sphere will be accurately in the axis of 
vibration. In trying this method, however, it was found, that 
the friction was so con.siderable, as to bring the pendulum to 
a state of rest after a few vibrations ; and when the friction 
was sufficiently diminished, by a contrivance vvhiclt it is un- 
necessary to describe, the laterul force of the pendulum in an 
arc of two degrees and a half, was sufRcieritly powerful to 
carry the ball entirely out of the socket ; and it was con.s'tv 
quemly evident, that though the arc of vibration might not 
be large enough to effect this it must nece.s.sarily cause the 
ball in some degree to ascend the inclined plane of the aper- 
ture; and this consideratinn induced me to abandon at once 
a mode of suspension whichl should otherwise have esteemed 
the best that could have been employed. 

The princi|>al objections to the use of a knife edge, ap- 
peared to be, the difficulty of forming it perfectly straight 
and the possibility that it might suffer a change of figure 
from >year, during the experim^^ imroduce 

to be detected.^ these blyecfiqjik I 

as e knife edge can be in^de 
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paring the pendulum with a clock, at the distant intervals of 
34, hours ; but it will hereafter appear, that should any alte- 
ration in the form of the knife edge take place, it must 
become perceptible every ninth minute ; in addition to which, 
I proposed to measure the distance of the knife edges both 
before and after the experiments, when any change would of 
course be immediately detected. 

Description of the pendulum employed. 

The pendulum constructed upon these principles is formed 
of a bar of plate brass, one inch and a half wide, and one 
eighth of an inch thick. Through this bar, two triangular 
holes are made, at the distance of 39,4 inches from each 
other, to admit the knife edges. Four strong knees of ham- 
mered brass of the same width as the bar, six inches long, 
and three quarters of an inch thick, are firmly screwed by 
pairs to each end of the bar, in such a manner, that when the 
knife edges are passed through the triangular apertures, 
their backs may bear steadily against the perfectly plane 
surfaces of the brass knees, which are formed as nearly as 
possible at right angles to the bar. The bar is cut of such a 
length, that its ends may be short of the extremities of the 
knee pieces about two inches. 

Two slips of deal 17 inches long, and of the same thickness 
as the bar, are inserted in the spaces thus left between the 
knee pieres, ahd are firnily secur^ therq by pins and screws. 
These slips of dejd are only hal^ width of the bar ; they 
are stained black, and in the extremity of each, a small 
wiialebohe point Is inserted fbr the purpose of indicating tfee 
‘ extent bf the'' arc of vIbradbnU'v-'''' 
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A cylindrical weight of brass, three inches and a half dia- 
meter, one inch and a quarter thick, and weighing about two 
pounds seven ounces, has a rectangular opening in the direc- 
tion of its diameter, to admit the knee pieces of one end of 
the pendulum. This weight being passed on the pendulum, 
is so thoroughly secured there by means of a conical pin fit- 
ting an opening made through the weight and knee pieces, 
as to render any change of position impossible. A second 
weight of about seven ounces and a half, is made to slide on 
the bar near the knife edge at the opposite end ; and tliis 
weight may be fixed at any distance on the bar by two 
screws with which it is furnished. 

A third weight, or rather slider of only four ounces, is 
moveable along the bar; and is capable of nice adjustment by 
means of a screw fixed to a clamp, which clamp is included 
in the weight. This slider is intended to move near the 
centre of the bar. It has an opening, through which may be 
seen divisions, each equal to one twentieth of an inch, en- 
graved on the bar ; and a line is drawn on the edge of the 
opening to serve as an index to determine the distance of the 
slider from the middle of the bar. 

We now come to the most important part, the knife edges. 
These are made of that kind of steel which is prepared in 
India, and knovvn by the name of wqotz. Their form is 
triangular, and their length drib inch and three quarters. Mr. 

waa so obliging^ a for me: they 

; ®hd tempered , by' iminer^ng ' 

whic^ ne- 

jbe'asati%’'^hhM: 'a'' peftoiy 'straight' edger; ''ThiS'Was' ascer- 



length of the pendulum vibrating seconds. 39 

tained by bringing the edge of the one in contact with the 
plane of the other, when, if no light was perceptible between 
them in any position, it was inferred that the edge was a right 
line. They were then carefully finished on a plane green 
hone, giving them such an inclination as to make the angle 
on which the vibrations are performed about lao degrees. 

Previously to the knife edges being hardened, each was 
tappedf half way through, near the extremities, to receive two 
screws, which being passed through the knee pieces, drew 
the knife edges into close contact with them, the surfaces of 
both having been previously ground together to guard 
against any strain which might injure their figure. A plan 
of the pendulum is given in Plate IV. Fig. 1. 

The support^ and other apparatus. 

The support of the pendulum is represented in Plate IV, 
Fig. 2. It consists of a piece of bell metal six inches long, 
three inches wide, and three eighths of an inch thick. An 
opening is made longitudinally through half the length of 
the piece, to admit the pendulum, and the bell metal is cast 
with a rectangular elevation on each side of the opening 
extending the whole length of the piece. Two plates of 
agate* were cemented to this elevated part, beds having been 
made to receive them, in order that their surfaces might be 
in the same plane with that of thei fiell metal. The whole 
was then grouJ^ perfectly flat. A: fram of brass repre* 
sented at Fig. g, is 'attached by twp opposite screws, which 

''*# I^tes of hatd iitti; imo'jlbaRd to liaw, sitifl%red‘'p.tineji:r«doii; 
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serve as centres, to the sides of the elevated part of the supjion, 
and one end of this frame being raised or depressed by means 
of the screw A, the pendulum when placed with its knife edge 
resting in Ys, at the other end of the frame, could be elevated 
entirely above the surface of the agate, or be gently lowered 
until the knife edge rested wholly upon it, and thus the knife 
edge was sure to bear always precisely on the same part of 
the agate plane, by elevating the Ys, above its surface, placing 
the knife edge in them, and then letting down the whole 
gently by means of the screw, till the Ys were completely 
clear of the knife edge. The support was firmly screwed to 
a plank which will hereafter be described. 

To the kindness of Henry Browne, Esq. F. R.S., I am 
essentially indebted for the success of the experiments which 
form the subject of this paiaer. He most obligingly allowed 
me the use of his house, his excellent time-piece.s, and tran.sit 
instrument, assisting me with indefatigable sseal by his very 
accurate daily observations, and intermediate comparisons for 
determining the rate of the clock. The house is sub.stantially 
built, and is situated in a part of Portland Place not liable to 
much disturbance from the passing of carriages. The room 
in which the experiments were made is the last of two on the 
ground fl,wri;CP each other and facing the 

north; ; The temiterature consequently is very steady, and if 
n^^essary, may be rais^^^ degree by a fire in the 

first rop^ with which the pendulum was com- 

addition to the: ^idirdh 
pendulum , is suspended 'hy 

In'i equal ;dines.' This- 
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clock is firmly screwed to the wall, in a recess opposite 
to the window. Near to this, on the wall which is at right 
angles to the recess, is fixed another time-pieceby Gumming, 
which was the property of the late General Roy, and is con- 
sidered by Mr. Browne to be the best in his possession. 
Respecting this clock, it will be sufficient to remark, that three 
tenths of a second was the greatest variation in its daily rate 
•from the asd February, when the observations commenced, 
to the 31st July; and consequently the deviation from its 
mean rate during that period, did not exceed 0,15 of a second 
per day. This clock has been used as the standard of com- 
parison, the time having been taken from the transit instru- 
ment by a chronometer of Arnold's. With such advantages 
it will be confessed that there can be little chance of error 
arising from the rate of the clock. 

A plank of well seasoned mahogany, two feet wide, and 
three inches thick, was forcibly driven between the walls 
forming the sides of the recess, until it was near the top of 
the clock case. To this the support of the pendulum before 
described was firmly screwed, and carefully levelled, in such 
a position as to allow the pendulum to vibrate as near as 
possible to the clock case without touching it ; and that when 
at rest, it might appear to an observer in front of the clock, 
to pass over the centre of the dial plate, its extremity reach- 
ing a little below the centre of the ball of the p^idulUrn. 
Beneathi fixed to the clock casje,; was Rn arc divided into 
degrees and tCii^hs, to deteriniriei^^^i^^ of the vibrS^fions, 

,Soch 'a portibn'dft'thc;pl^k<:was;i|ht; 'away ass,' waS-hecesSary 
of T:he supporh^ 

'piece; of ■ hlack'ypipijj^t'l--;; 

'-1 -.MltCCOXVilLl.: ': G >; ;■ ■ 
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which was attached to the ball of the pcndulinn of the clock ; 
and this disk was of such a diameter as when both i)endulums 
were at rest, to be just hid from an observer at the oppcjsite 
side of the room, by one of tlie slips of deal which form the 
extremities of the brass pendulum. 

Though there was little reason to imagine that the vibra- 
tions of the pendulum could communicate any motion to a 
support so firm as that which has been described, it becjime 
a point of considerable importance to verify this by actual 
experiment. For this purpose I had recourse to a delicate 
and .simple instrument invented by Mr, Hardy, clock-maker, 
the sensibility of which is such, that had the slightc.st motion 
taken place in the support, it must have been instantly de- 
tected. This little instrument is represented in Plate IV. Fig. 4, 
It consists of a steel wire, the lower part of whicli inserted 
in the piece of brass which serves as its .support, is flattened 
so as to form a delicate spring. On the wire, a small weight 
slides, by means of which it may be made to vibrate in the 
same time as the pendulum to which it Is to be applied as a 
test. When thus adjusted, it is placed on the material to 
which the pendulum is attached ; and should this not be per- 
fectly firm, its motion will be communicate to the wire, 
which in a/ pendulum in its 
vibrations. This ingenious contrivance appeared fully ade- 
(juate to the purpose for which it was employed, and afibrded 
,% satisfa(C|oi';^ p^^ of the stability of the ppint of suspension, 

stand, as high as' the baH;ol'the 
the distattic&'br^nipe 
m a’.sup^t, to' which, 
magnif^h^^ four times, 
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which was capable of a horizontal motion on its axis, a vertical 
motion, and a motion at right angles to the line of sight. In 
the focus of the eye-glass was a diaphragm forming a perpen- 
dicular opening, the sides of which were parallel, and capable 
of being placed nearer, or further asunder. The edges of this 
diaphragm were adjusted so as to form tangents to the hori- 
zontal diameter of the white disk, and consequently to coincide 
with the edges of the slip of deal. When, therefore, both pendu- 
lums were at rest, nothing was visible through the telescope, 
excepting the divided arc for ascertaining the extent of the 
vibrations, and which was seen through a horizontal opening 
made for that purpose in the top of the diaphragm. 

Method of determining the number of vibrations made by the 
pendulum in 24 hours. 

If both pendulums be now set in motion, the brass pendu- 
lum a little preceding that of the clock, the following ap- 
pearances may be remarked. The slip of deal will first pass 
through the field of view of the telescope at each vibration, 
and will be followed by the white disk. But the distance 
between the centres of suspension and oscillation in the brass 
pendulum being rather the longer, the pendulum of the clock 
will gain upon it, the white disk will gradually approach the 
slip -^f deal> and at length, at a certain vibratiop, will be 
wholly concealed by it. The minute and second at which 
this total disappearance is observed, must be noted. The 
pendulums will hpw he scoh to sO^pafate, add after a ti me wil 1 
Ugain approacti oach other; wheb the same, phenomenon will 
take place. The interpal between the < two coincidences in 
seconds, wilt ^ve the riuttbeb of vibratiohs made by’ the |feh- 
dulhin of tlw! clock ; and, the nwitnhht' of oscillations of the 
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brass pendulum, in the same interval, may be known by 
considering that it must have made two oscillations less than 
the pendulum of the clock. Hence by simple proportion, as 
the vibrations made by the pendulum of the clock, are to the 
number of vibrations made by the brass pendulum, so arc the 
vibrations made by the pendulum of the clock in 84 hours, to 
those of the brass pendulum in the same jKjriod,* 

Many experiments were made in order to select such a 
distance of the knife edges as might give an interval which 
would allow of the determination of the time of coincidence 
without an error of a single second and yet afford a con- 
venient number of intervals before it .should become neces- 
sary to renew the motion of the pendulum. At the first coin- 
cidence, the velocity of the brass pendulum, at the lowest part 
of the arc, must not exceed that of the pendulum of the 
clock, oth^wise the disk would disappear for an impercepti- 
ble time, and then re-appear; and this limits the extent of 
the ate of vibration. 

Again J the observations must not be continued beyond a 
certain diminution of the arc of vibration, otherwise the space ^ 
which the pendulum of the clock has to gain pn the brass 
pendulum in one vibration, becomes so small as to render the 
obs^vation of the time of coincidence in some degree uncer- 
min:; and, should the space he so far diminished as to be less 
than the error or deviation from a tight line, which would 

th* clock hw dwAyilmn.n)i>poied 
ytkratioBC in 34 houn* tnd thn,"Wlkitoii 
(bitof •intU‘ 

■ coinddeneeil* mi cmpkijned 

bjr Dr.Wo'fcCASTONiinimiyjtSoS.in expeibnenbiin which tic ml then ehga|C(i* 

::th« woweht of cdaddeitfls tstof sound initead V tight. 
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probably take place in the adjustment of the sides of the dia- 
phragm, the end of the pendulum, and the disk, the results 
would be erroneous, as the interval would go on increasing 
till the pendulum came to a state of rest. 

The interval which best fulfilled these conditions was found 
to be about 530 seconds. This admitted five coincidences 
(affording four intervals) to be taken before the arc became 
too small for the observations to be continued with safety. 
With this interval an error of one second in the time of coin- 
cidence would occasion an error of only 0,63 in the number 
of vibrations in 24 hours. 

Here it must be evident that no sensible alteration could 
take place in the knife edge during the experiments without 
its becoming perceptible at every coincidence, since the num- 
ber of vibrations in 34 hours deduced from each interval, 
must vary with any change in the form of the knife edge. 

The following was the method pursued in making the 
observations. The small weight or slider being placed with 
its index at a certain distance (say one inch and a half) from 
the middle of the pendulum towards the great weight, and 
the second weight about five inches from the knife edge, the 
Ys of the support were elevated, the knife edge of the pen- 
dulum was placed in them, with the great weight above, and 
the frame gently lowered tjll the knife edge was left on the 
surface of the agates The requisite adjustmaits of the tele- 
scope having been jnade, the penddlum^^w set in motion in 
an arc not one dei^ed^^ tenths, irt : ordej^ 

that its yelpcity hiigllt not g^^atef than that, of the pendu* 

' Jtini-'Oif the clock.' v: ■ 
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The ininule and second, at which the disk ceased to ho 
visible, was then carefully noted ; and the arc of vibration 
seen through the telescope, the height of the barometer, and 
the temperature indicated by a thermonicter suspciided on 
the clock case near the middle of the bra^ss pendulum, were 
also observed and registered. Five successive coincidences 
were thus taken, and the number of vibrations in 34 hours 
was deduced from them in the manner before described ; but 
the vibrations thus obtained being made in different arcs, it 
became necessary to apply a correction to determine what 
they would have been in an arc infinitely small. For this 
correction I might have used a formula depending on the 
decrease of the arcs in geometrical progression, whilst the 
limes decrease in arithmetical ; but as there is an uncertainty 
in observing the arc of vibration amounting to one or two 
hundredths of a degree, this method, though more perfect 
in theory, would have been an unnecessary refinement in 
pracfice. 

The error arising from the greater length of the vibration 
in a circular arc, being nearly as the square of the arc, if the 
mean of the observed arcs at the commencement and end of 
eatii interval be taken, and its square in ultiplied by 1,635 
, ( the differ^iqe jbetvi'een the 'rtumber of vibrations made by the 
pefidulum in 3% hours, M and in an arc of one 

degree, ) the; required corri^qn' will fee obtained, to be added 

takeij, (the 

&ik;%asvdbtaittecl 
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at a certain temperature, and altitude of the barometer, in an 
infinitely small arc, the great weight being above. 

The frame of the support was now elevated, the pendulum 
was inverted, placed in the Ys, with the great weight below, 
and the knife edges being gently let down as before on the 
agate plane, the same process with respect to the observa- 
tions was followed, which has just been described. And if 
the mean temperature differed from that in the former posi- 
tion of the pendulum, the mean number of vibrations was 
corrected for such difference of temperature, the expansion 
of the pendulum being known by experiments hereafter to 
be detailed, and consequently the gain or loss in 34 hours by 
a given change of temperature, 

The mean number of vibrations thus found, differing from 
that given in the former position of the pendulum, the second 
weight was moved, the number of vibrations again deter- 
mined, and the pendulum being inverted, the process was 
repeated until the vibrations in 34 hours, in either position 
of the pendulum were brought as near to an equality as could 
readily be effected by means of this weight; it was then 
firmly secured in its place. ^ ^ 

Whatever alteration may be made in the arrangement of the 
weights, the ejfect on the vibrations ( ewcept in one particular in^ 
stancef .wUl be the same in both positions of the pendultim,, always 
incrieasirg,or .dimimsMn^^ their nurnher in /Hth. cases, th(^^ in 
different Agrees vibrations will be least affected by such 
change wfteh'$j^/greafw^i 0 i'¥' i^l^i^hd'wUl cmsequensly 
: nearest 4 ofjheiif:Hth;i$j 0 iSf;pb 0 pgf,M 
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vibrations after the adjustment by the second weight has 
been completed, must be left in defect, fora reason which will 
be immediately apparent 

There is a point in the pendulum where the effect of the 
slider in increasing the number of vibrations is a maximum ; 
and it appears from Dr. Young's investigations, that this 
point in one position of the pendulum is different from that in 
the other. Very near either of these points, the pendulum 
being in its corresponding position, the motion of the slider 
produces scarcely any change in the number of vibrations ; 
but the slider being then more distant from the point of max- 
imum belonging to the other position of the petidulum, the 
corresponding increase of the number of vibrations arising 
from such motion of the slider, will, in that position be very 
perceptible. 

Iir the present instsanbe, th^ of maximum in either 
position of the pendulum, is about four tenths of an inch 
below the middle, and consequently the distance of the two 
points from each other, is about eight tenths of an inch. The 
slider which had remained stationary during the adjustment 
of the second weight at about one inch and a half from the 
middleof the pendulum, to wards the great weight, must now 
shifted/(^ towards the middle of the pendu- 

lumr in brder to increase the number of vibrations which it 
paajr ^ recollect^ were left in so that they may be in 
It is evident that: the true number of vibrations will 

f itovy ^aoed ' 

t • this 
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third position be still in excess, the truth will lie between the 
first and third positions of the slider. And thus by continually 
bisecting with the slider, the distance of the two last found 
points, the number of vibrations when the great weight is 
below, will rapidly approach the truth, being alternately in 
defect and in excess ; and when the approximation is such as 
that the difference in either position of the pendulum becomes 
inconsiderable, the vibrations, when the great w’eight is 
below, may be taken for the truth ; and thus the number of 
vibrations in 24 hours, of a pendulum equal in length to the 
distance between the knife edges, will be known at a certain 
temperature, and at an observed height of the barometer. 
The general arrangement of the apparatus is represented by 
Plate V. 

Of the apparatus and methods employed for the measurement of the 
distance between the knife edges, and for the comparison of the 
British standard measures of the highest authority. 

The microscopes used for this purpose, were made by Mr. 
Thomas Jones, of Cockspur-street. They are both furnished 
with cross threads of spider’s web, as well as with a single 
thread for the purpose of bisecting a dot if required, and are 
in other respect^ of a similar construction with those de- 
scribed by Sir George Shtjckburgh Evelyn, in the Philoso- 
phical Transactions for 1798, but are mom powerful, and the 
micrometer is capable of far greater precision. 

The objept- glass of the raicroihefe is of one 

inch focus, the di(stS9p^e%f^ glass to the sfHder’s 

thpmds mcheSj the^focttS rof eye-glkss: 

■ rather; Ms than one inch, ; the 
; _ , MncGcxvnt . ' ■ ■ , '• H ' ■ ■■ 
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In the other microscope, which I shall call the fixed micro- 
scope, the object glass is of three quarters of an inch focus, 
and the magnifying power consequently greater. Tlie mi- 
crometer head is divided into one hundred parts. 

Each microscope slides in a tube, which is fixed in a plate 
of brass forming part of its support ; and this plate moves in 
a dovetail, by which the microscope may be brought over 
the object to be viewed, when it is firmly clamped by a 
screw. 

, A piece of well seasoned mahogany, four inches and three 
quarters;, by three inches, served as a beam to which the 
supports of the'microscopes were screwed, their centres being 
g9,4 inches asunder. 

Two screws with milled heads, supported the extremities 
of the beam in front, and a piece projecting from the middle 
of the beam behind, served as a third leg. By mean.s of the 
screv^s, the focus of either microscope could be nicely ad- 
justed at pleasure, without any risk of altering their distance 
from each other. 

My first object was to ascertain the degree of precision of 
which vision is capable when assisted by the microscope. For 
this purjpose, a very fine line was drawn on a polished piece 
of;brkss,and the microscope being carefully adjusted so as to 
be free from parallax, by causing the image of the line to 
bisect the angles formed by the spider’s threads, moving the 
ieye to left and remarking whether thellrnage 

:%cK^geidrjM^^ it;' did'/ varying- the distance of 

accordingly*,,, until the line 
turned' back, 

, up ' 'till the angle 
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formed by them appeared to be accurately bisected by the 
line. The division of the micrometer was then noted, and 
this was repeated several times with scarcely a sensible dif- 
ference in the result; and thus I assured myself that no error 
worthy of remark was to be apprehended from imperfection 
of vision. 

The next step was to determine the value of one division 
of the micrometer head. By the kind interest of Sip Joseph 
Banks, I was favoured with the use of the standard scale 
which belonged to the late Sir George Shuckburgh Evelyn, 
and which is described in the Philosophical Transactions for 
1798. This scale, the work of Mr. Troughton, is second 
to none in the kingdom in point of accuracy of division, and 
is too well known to render any further remark necessary. 
The microscope being carefully adjusted for parallax, one 
inch, from the 39th to the 40th, was measured by successive 
tenths, and the mean taken as the value of one tenth of an 
inch. The measurement of the same inch was repeated ten 
times at different periods, the microscopes being previously 
adjusted anew each time for parallax. The mean results of 
such measurements are as follows. 

Divisions of the micrometer to of an inch. 

3335.00 

. 3S33.75-' 

■ : 

-33^,50:,,; 7 : : 

7, ■'■c'-;7;' 7,,-»335»857 > ■ . 7 :.--;7 

77 • 7^;.., ■' .:7- 3337.85 r '7., 7 \ :777"777''^ 

; /"'Mean' 3336, . , 7 7 7 ", "'■ 7 
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Hence, the value of one division of the micrometer appears 
to be of an inch. 

In the course of these measurements, dififerences occurred 
for which I was at a loss to account ; but at length it ap- 
peared that they were to be attributed to remaining parallax ; 
for whatever care be taken in adjusting the microscope, it is 
scarcely possible to bring the image of the object precisely in 
the same plane with the threads, and the image will conse- 
quently be of various dimensions, according to its distance 
from this plane. Unless, therefore, the most minute atten- 
tion be paid to the adjustment for parallax, the error arising 
from this cause will be considerable ; and I may here remark 
that I believe the difficulty of bringing the image into the 
plane of the threads, to be the source of by far the most 
serious errors to which measurements by means of micro- 
scopes arc liabla 

I had now to examine the equality of the thread.s of the 
micrometer screw. For this purpose, two fine lines were 
drawn hear each other m a piece of brass, and the micro- 
meter being turned back as far as it would go, the distance 
of the lines was carefully measured ; and this was reflated, 
proceeding thmugh the whole length of the screw, always 
adyah^hg the microra^ one revolution previous to each 
sucebssive measurement. .severe test will 

best api^ar by glvm^ the numbers themselves. 
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Divisions of the micrometer. 

50^,0 

501.0 

502.0 

501.5 

502,0 

502,0 
50s ,5 

502,0 

502.0 
50a, 5 

501.0 

501.5 

503.0 

501.0 

503.5 

501.0 

500.0 

500,0 

500.5 

Mean 501 ,5 

The mean is 501,5, and the greatest difference from the mean 
only one division, amounting to of an inch,, a degree 

of accuracy truly surprising, when it is considered that all 
errors of observation are included in this minute quantity. 

Cmnpansm of the 

: The microscopes being pladed at the distance of ^9,4 m- 
ches, were advanced by single tenths,frora zero of the sca^ 
through the space .of ^ the mean of twen^ 

m^aurements 'thusj,-oi^ab^ 

tance from zero to inches, this ^ to was found-, m 
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in defect i,q divisions of the micrometer, or ,00005 of 
an inch. And as this is the portion of the scale employed 
in ascertaining the distance between the knife edges, this 
difference must ultimately be subtracted to obtain the dis. 
tance of the knife edges, in parts of the mean value of tIR; 
scale.* 

From the high importance which attaclies to General 
Roy’s scale, as having formed the basis of the Trigonome- 
trical Survey of the kingdom, I was particularly desirous 
of comparing it with that of Sir G. Smuckburgh, in order that 
I might be enabled to give the length of the pendulum in 
parts of that standard which constitutes the foundation of one 
of the most important scientiic operations ever carried on in 
this country. Fortunately, this scale was purchased at the 
sale of General Roy’s effects by Mr. Browne, who readily 
confided it to my csire. From the mean of a number of com- 
parisons, I found the distance from zero to 394 of General 
Roy's scale, equal to 3940144 of Sir G. Shuckburgh’s 
standard.-f 

* From an examination of this scale by the late Sir G. SKvcKSu aoR, it appears 
that the greatest liabilitj’ to error 18 ,00033 of an inch, or as corrected by Mr. 
-TaovoBTOii, ,oopi|&s <d' an inch, the chances against which are as 0 to i. 

; it Y'he d®rence; between this result and that stated by Sir Gsoasa 

SHOCKBVadH,' in the Philosophical Transactions for 1798, render; it necessary 
;^r me briefly to det^ the manner In which the comparisons were made. The 
tiymin^es wfto placed in contact, and remained thus for twenty four hours 1 after 
'''.wbic^fii^iiln^n^libmpjtrisdns. coursc-of the dayi but th«se*wereTe|ee'ted 

degrees during' the,.opmtioR> 
sixteen^omer conjpariwuiii were 
'tha^mp'me^r Remaining stB«iiiy':at. 70 *:./;-Tfje 
abflW not'etnottnt 

: 'i^bemean of 'Am: set ,«tf Obsmaiions ex«' 
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The standard yard made by Bird in 1758, for the House 
of Commons, better known by the name of Bird’s Parlia- 
mentary standard, is little adapted for measurements where 
great precision is necessary. The yard is determined by 
two large dots made on gold pins, which are let into a bar 
of brass. The mean of a number of bisections of these dots 
gave their distance equal to 36,00016 inches of Sir George 
Shuckburgh’s scale. 

Measurement of the pendulum. 

The pendulum was let into a solid piece of mahogany 
edgewise, to such a depth that the knife edges were about 
one twentieth of an inch above its surface. To one end of 
the pendulum, a common spring steelyard was attached by 
its hook, and a string being passed through the ring, and 
fastened to an upright piece of wood screwed to the end of 
the mahogany case, the pendulum was extended by a force 
rather greater than its own weight (about ten pounds), and 
consequently, no error (if any such were to be apprehended) 

ceeded that of the last by *,00017 of an inch. Imagining that the difference between 
Sir George Shuckburch’s result and mine, might possibly be occasioned by an 
error in tbe divisions bounding that part of General Roie*s scale which I had 
ployed, I compared it with various other portions^ and found no greater diiference 
than might have been expected from unavoidable imperfection of division. It is to 
be presumed then* that the error into which Sir Gboror SHvcitRtritGn. appears to 
have fallen, must have arisen from the two scales nOt havtog been of the same temper 
rature at the time tbey , were compwd* paridcalarly as Sir G Eb a 0 e $ h o c ic a u r c h 
is by far the moist masaiye of the two* i i»ay here add, that last wihteir wishing to 
know whether the expansion of the two scales.^wiis equal* 1, roughly compared them 
together once* at the tetoperature of that inches mQtmmt 

sc^e^ was .equal of Sir,,"lGEbROi',’'SH^uekisd'»^^^ 

' standai^. ^ 
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could arise from a diflferencc in the length of the pendulum 
in its vertical and horizontal positions. 

The knife edges were fixed as nearly as could be done by 
mechanical means, at right angles to the bar of the pendu- 
lum ; but the bar being flexible, they w'ould most probably, 
when the pendulum was extended for the purpose of mea- 
surement, be found to be not precisely parallel to each other, 
and would consequently require some adjustment. To effect 
this, two opposite screws were passed through the sides of 
the mahogany case, so as to act in a transverse direction 
against that extremity of the pendulum which was next the 
steelyard, and the microscopes being brought over the ex- 
treme points of the knife edges, alternately on either side of 
the bar, the requisite parallelism was readily obtained by means 
of the screws, sufficient room having been left in the maho- 
gany case for the very motion of the extremity of the 
pendulum which might be found necessary. This arrange- 
ment is represented in Plate IV. Fig. 5. 

To obtam the distance between the knife edges, two diffe- 
rent methods were used, Fbr the first, four rectangular 
pieces of brass were prepared, about half an inch square. 
Very near to the perfectly straigh edge of each, a fine line 
wiaa:drs^b, to be viewed through the microscope, and these 
lines were each crossed at angles by two others, in- 
: tend^;to indic^^ of the first line from which the 

marked 

with’ their'^edgds 'ih'doni 
;■ sprifigl^ipj ’’fe'^een '-thej ;firie;Unes 'first drawn was 
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carefully measured with the micrometer, and from a mean of 
eight observations, the greatest difference between which did 
not exceed one division, was found to be 329,09 divisions. 

The same was done with the pieces B and b, and the dis- 
tance of the lines from a mean of sixteen observations ap- 
peared to be 366,96 divisions. 

The knife edges being adjusted as nearly as possible 
parallel to each other, the pieces A, a, and B, b, were placed 
in contact with those parts of the knife edges on either side 
of the bar, on which the vibrations were to be performed, and 
were retained in their places by the pressure of slight springs, 
attached to the mahogany case. 

The microscopes were now brought over the pieces A and 
a, so as for the lines before described to bisect the cross 
threads, when the division of the micrometer was noted. 

The same was done with the pieces B and b ; and the divi- 
sion of the micrometer was also registered. 

The pendulum being removed, the standard scaled was 
placed beneath the micrometer, and its' zero being made to 
bisect the angles of the fixed microscope, the cross threads of 
the micrometer microscope were brought to 39,4 of the scale, 
and the revolutions and parts of the micrometer were noted. 

From these data, and the respective distances of the lines 
on A and a, and on JB and b, when the pieces were in con- 
tact, the distance of the knife edges on either side of the bar 
may be readily obtained, and the mean being taken, will ob- 
viously correct any error arising from a want of perfect 
parallelism in the knife edges. 

It is very generally believed that measurements from a 

^ The scale constantly referred to^ i$ Sir GEoacK Sh standard* 

MDCCCXVin. I 
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knife edge, or from a line terminating a surface, arc liable to 
much ancertain*v from what has been called irradiation, or 
indistinctness of the image. But this is by no means the fact ; 
for if the reflection of light from the knife edge be prevented, 
and it be viewed on a white ground, it may be made to bisect 
the cross threads of the microscope, with nearly the same 
precision as could be attained by the use of a line. There 
is, however, a correction necessary to be applied in this case, 
and I shall proceed to describe the method employed for as- 
certaining its amount. 

A slip of writing-paper was pasted on the mahogany case, 
under each knife edge, extending beyond it about the tenth 
of an inch, and adjoining, was a piece of black p ii>er to pre- 
vent the reflection of light on the knife edge from the sur- 
rounding objects. The knife edge now appeared through 
the microscope, as a well defined dark object on a white 
ground., 

Marks were made on the paper close to the knife edges 
at equal distances on each side of the bar. These were in- 
tended to indicate those parts of the knife edges equally 
distant from the middle, from which the measurements were 
to be taken, ‘ 

^ parallel to each other, in 

the manner befoie described j the microscopes were brought 
successively over such marks on the paper, as were at the 
;gaime diS^nce from the bari, and the mean of each paip of 

gave a.'-dlstance of 
which would ^bepecasiemed 

micro- 
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scopes, pieces of black paper were slid beneath them, when 
they appeared to start forwards towards each other, the 
images continuing perfectly sharp and well defined. 

The distance between the knife edges appeared to be now 
considerably less than before ; and it remained to determine 
the difference, in order to apply its half, as a correction to the 
distance first obtained. 

For this purpose, the reading of the micrometer was taken 
when the khife edges were viewed as dark objects on a white 
ground, and also when they were seen as light objects on a 
black ground. The difference of such readings will obviously 
give double the correction required. The results are contained 
in the following table. 


Divisions of 
the microm. 
the ground 
being •wbiU 

Divisions of 
the microm. 
the ground 
being blacL 

Difference. 





§ 0,0 

■. 10,50 

^7.5 

s8,o 

10,50 

1^,5 1 

27,7 

11,20 

IS , 5 


13,50 

IS, 5 

SB,0 

9.50 

1 S ,0 

33,0 

11,00 

10,0 

31,0 

11,00 

9>7 

18,0 

8.3C> 

S,5 

19,0 

33.50 

6.7 

16,5 

' ,,i,'d,8o„ r ; 



■ ■ 








aboye tab^^ divisicmr (dt 

,00023$ of ah inch) are to : be subh^cted from the distahce 
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obtained when the knife edges are viewed as dark objects on 
a light ground ; and on the contrary, the same quantity to 
be added when they are seen as light objects on a dark 
ground. 

From the few experiments I have made, this quantity ap- 
pears to be the same, whatever may be the relative illumina- 
tion of the object and, its ground, so long as the difference of 
character is preserved. On the cause of this extraordinary 
fact I can hazard no conjecture, and it remains an interesting 
subject for future investigation. 

Cy* the expansion of the pendulum. 

The composition of brass is so various, that probably no 
two specimens possess precisely the same rate of expansion. 
It became therefore necessary to determine the expansion of 
the pendulum by direct experiment, instead of adopting the 
conclusions of others, and for this purpose the following 
m^hod was used. A trough of deal was made of a length 
sufficient to receive the bar intended for tlic pendulum, which 
was placed edgewise in the middle of the trough, being 
secured at one end by wedges on both sides. The bar was 
supported on small pieces of glass tube, serving as rollers to 
prWunt trough was of the same depth as 

' , -the; width' bf the bar. ' ■ . 

: T^ were drawn near the extremities of 

thi edge/^^^ other 49,5 inches, and 

• o«e^ inch beyond^ ' ' Thb 

iines; and ;left:i^''to|^ther, 
A to the 

; : and the ihicro- 
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scopes having been examined to see that the lines bisected 
the angles formed by the spider’s threads, the trough was 
filled with hot water to the edge of the bar, and two thermo- 
meters were placed in it, one just beneath the surface of the 
water, and the other at the bottom of the trough. The bar 
rapidly expanded, and the line on it was followed by the 
micrometer till it became stationary. The bisection was then 
perfected, and the mean of the degrees shewn by the ther- 
mometers registered, together with the number of revolu- 
tions and parts made by the micrometer. The whole was 
now suffered to remain till the temperature had become 
several degrees lower, when the contraction of the bar, occa- 
sioned by jsuch decrease of temperature was measured, and 
thus several successive observations were made, which are 
contained in the following table. 


Distance between the lines on the bar, 49,5 inches. 

Temp. 

Lowest 

Temp. 

Diff of 
Temp; 

Dlvis* of the 
micrometer* 

Expan sbn in parts of the 
leiigth for each degree. 

0 

9^ 

93 

is 

43 

0 

53 

50 

6 sp 

580 

,0000101161 

,060010030 

Distance between the lines on the bar, 50,5 inches. 

91 , 

89 

Ss 

75 

; . 80 ;.V 

43 

■■■,■84; 

44 ■" ; 

' ’60" "■ 

48 

: 5''; 

8 

14 : 

600 

. 70 ■/ 

89 : 

; = 't49 ; 

,ooooio6iib 
,006011890 ; 

,000009448 
,006009038 ! 

; ,000609435 , 
:..^,i^Gocw9i,s9. 

^^,606669936/';; 

: ■ V; ; : 'M^an bf,.the'-wlK 5 iej ;j 

; ,000009939 















02 Capt. Kater's iseperiments foir detemiining Uw 

The mean, ,000009959 may be taken as the expansion of the 
pendulum in parts of its length due to a change of tempera- 
ture of one degree of the thermometer. 

Of the method of deducing the lejigth of the pendulum mhrating 

secotids. 

The distance between the knife edges was taken when the 
standard scale and the pendulum were both of the same 
temperature; and as this temperature did not differ consider- 
ably from 63®, the difference in the rate of the expansion ( if 
any) between the pendulum and the scale may be neglected 
as perfectly insensible, and 6a° be considered as the tempe- 
rature of measurement. 

The number of vibrations made by the pendulum in 24, 
hours, having been determined at a different temperature, 
the length of the pendulum will be greater or less as the 
temperature of observation exceeds or falls short of b'a®; and 
by applying the expansion due to such difference of tempera- 
ture, derived from the experiments contained in the preceding 
article, the distance of the knife edges, or length of the pen- 
dulum will be known for the temperature at which the num- 
ber of vibratos w determined, whence the length of the 
pendaJum vibrating seconds may be readily deduced, the 
lengths of pendulums being tp each other inversely in the 
dUj^ldatb yatib of the number of the in 34^ hours. 
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vacuo, it is necessary to apply to it a correction for the 
buoyancy of the atmosphere. 

For this correction, the weight of the pendulum, compared 
with that of air, at the time of observation, must be known. 

The pendulum being composed of different kinds of brass, 
the specific gravity of each part was carefully determined, 
and from thence the specific gravity of the whole mass. 


Part of the pendulum. 

Weight in 
air. 

Specific gravity. 

3 weights (cast brass) 

4 knee pieces (cast brass) 
Bar (plate brass) 

lb. 

3.13 

3.30 

8,417 

7,81b’ 

8,53s 


From the above data, the specific gravity of the pendulum 
is 8,469 ; or the weight of the pendulum compared with 
water is as 8,469 to 1. 

It has been determined by Sir George Shuckburgh 
(Phil. Trans, for 1777) that water is 836 times heavier than 
air, when the thermometer is at 53®, and the barometer at 
39,37 inches. But the specific gravity of air varies directly 
as the height of the barometer, and inversely as its expansion, 
which is known to be ^loth part of its bulk for each degree 
of Fahrenheit; consequently, for any other state of the 
barometer and thermometer, the number 836, will vary /«• 
as the height of the barometer, and part 

for each (degree of the thermometer 
Thus the specMo gravity of Water, compared With that of 
mr, may be khowh ^ the temi^rature and of the 

: barometer at the hto ^ ; andiQhlfiplymg^^^^ 
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by the .specific gravlfyof the pt'ndulum, ih(‘ ratio of the \v<*igljt 
of the pendulum compared wiili that of.iir N\i!l In* ()l)f.une<l. 

This ratio will express the diniinutio!i of tin* force of gra- 
vity arising from the buoyancy of the atmosphere ; and in 
order that the number of vibi;alion.s may he the same i?i 
vacuo as in air, the length of the pendulum must he ijicreasod 
in the proportiem of this ratio to i, tiu* lengths of pendulums 
vibrating in the same time, varying dire<‘tly as the I’orce of 
gravity,- 

Detail of the experiments. 

In the first experiments which were made with tin* pen-' 
dulum, it has been already observed that the knife edges 
rested on plates of hard steel, but as those at the conclusion 
were found to have suffered penetration in no slight degree, 
planes of agate were substituted for them, and the results 
having thus been rendered doubtful, were deemed inadmissi- 
ble. It may not however be irrelevant to r<‘mnrk, that the 
distances of the knife edges obtained by the two methods 
which have been before described, did not diller <piitc tme ten 
thousandth of an inch ; and, that on rc-measuroment after the 
knife edges had been used a very considerable time, their 
distance was found to be increased by wear, four divisions 
only of the micrometer, or not quite two ten thousandths of 
an inch. The length of the seconds pendulum deduced from 
these first experiments, differed from the result of the obser- 
vations about to be detailed, only two ten thousandtlis of an 
inch in defect. I nevertheless think It useless to insert these 
first experiments, as the near approximation of the result 
cannot but be deemed to have been in some degree acci- 
dental. 



length of the pendulum vibrating seconds. 6$ 

In repairing the knife edges after the termination of the 
first series of experiments, one of them was broken, and 
when it was replaced by another, the distance between them 
was increased about one hundredth of an inch, a circum- 
stance which proved rather gratifying than otherwise, as it 
afforded a pendulum differing in length from the former one, 
and which yet gave nearly the same result. 

June gth, 1817, the knife edges being adjusted parallel to 
each other, and the scale and pendulum having remained 
together for several preceding days, the pieces A, a, and B, b, 
were applied to the knife edges in the manner described in 
the former part of this paper, and the following measure- 
ments were taken. 


Distance from A to a, 325,06 divisions. 
B to b, 366,97 


Date. 

Headings of the micrometer. 

Divisions 

A to a. j 

B to b. 

Scale. 

+ 39,4 in. 

June 
9 th. 

27.0 

si,o 

13.0 

is,o 

a8,o 

18.0 

6a, 0 
5s, 0 

53.0 

48.0 

50.0 

50,0 

643,7 

643.5 

638.5 
643,0 
643,0 

956,51 
954 .® 1 

958.01 
956,51 

957.01 
95 ®.oi 

The pieces changed. 


iqtfc 

64.0 

61,6 

' 

1 1:3,7 , 

■ ;;to6jS 

698.0 

696.0 

694^5 

%6,o 

956,91 

955,76 

957 i 6 l 

955 va 6 

956,91 

956,91 

,Meaii.'dt'i^:whqlev 

1 
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Hence the distance between the knife edges is 39,4 inr.hcs 
-{-956,47 divfsjons of the Tnicrometer. 

June 12th, the knife edges having been adjusted parallel to 
each other, the following measurements were taken, the knife 
edges being viewed as dark objects on a while ground. 


Dark on a white ground. 

Bate* 

Keading; of the micrometer. 

Divisioas 
39,4 ill. 

Near side of 
the bar. 

Further side 
of the bar. 

Mean. 

Sc ilk. 

June 

50.0 

50,6 

50.0 

49.0 

50.0 

50.0 

50.0 

50.0 

50,00 

50,00 

50,00 

49-50 


95650 

9.5650 

956,50 

956.50 

. 955,75 

9.55.50 

9OU.50 

960,00 

.956.85 

956.50 

96 ' 4.50 

9 <) 3 .oo 

960.50 

961.75 

968,90 

962,25 

963.»5 

9b6i5o 

965.45 

961 .45 

tu 

: 'y 4 ^>S: . 

44»5 

4^,0 

43.0 

44,5 

43 .<^ 

43.0 

48, S 5 

45.50 

42.50 
43-00 

ioot\o 

lOOlp 

1003,0 

1 003 0 

13 

■ 

37.5 

35.0 
S^.o. 

38.0 

38.0 

39.0 

35.0 
8».o 

37.75 

37-00 

3^.50 

3^.00 

.994.0 

993,5 

1001,0 


- . a 5 . 5 : 7 ', ' 

« 5 .o 
84,0, ^ 

, 's 7.5 
a 5,5 

."'■« 5 .stV'‘ 

® 5 . 74 '' 

36,50 

25.75 

84j6p ' 

35,85 

987,0 

9 ^ 7 >S 


iililiS 


78.75 

■ 75 V 50 ■ 

■ 

' 1048,0 

7 IPS 5 ^^';' 

■ .j-' ■'../•r Mean,. of the- whole 

'u'v:' '"'^'..Corredtidn fbrdi^radiatioh, 

'jp- j;";;:;' > 7 ;; ' jtsee'ipa^e-sg);,:' -.r 

§60,00 

."■— 5 . 51 ,, 

'•■954.49 : 
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By the foregoing measurements, the distance between the 
knife edges appears to be 39,4 inches +954,49 divisions. 

The pendulum was now placed on its support, and the fol- 
lowing experim^ts made for equalising the number of 
vibrations. 


Slider 18 divisions, 

crock losing o», 33 Great y/eight above. 

on mean time. .a 


Barometer 

29,7- 



66,8 mean “ 86068,67 

Great, weight below. 


66,6 

66,7 

66,7 



Here the vibratlpns ;W^e in, excess ; the slider was; there- 
fore placed at ss9 divisions, and the' second weight moved 
liearer;to 1 ts::.kmfe edge; 
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Slider 29 divisions. Great Weight above. Bammetei* 

Clock losing o",3 3 _ .®, Batoijiettr 

on mean time. Second weight ITIOVed. * 3 * 7 - 

■ 

Temp. 


Arc 

vibration 

Mean 

arc. 

tnktff. In 

He. of 
vsbiais. 

Vibration# 
tn hottsi. 



June 

19th 

6j,o 

66,9 



m. s. 

14-37 

0 

1 > 2^3 
1*04 
0,88 

p 

t $ t 3 

0,96 

$06 

S09 

, 

504 

507 

86058.49 

86060.50 

s 

a, 08 

»»s* 

Mean 

Cloik 

86060,57 

86062,01 


66,9 

mean. 86060,96 

Great weight below. 

1 

67** 

67,1 

24-39 
33 - 5 
41.3a 

I1I4 

©>93 

1 

1,07 

0,97 

506 

$07 

504 

505 

66058.49 

86059,16 

1,87 

'. 5 « 

Mean 

Clock 

Temp. 

86060, 56 
86. 60,07 

86060,51 

-0,33 

+0,09 

67,1 

mean. 

86060,27 


Tfe number of being still in excess, the socondi 

weight was moved again, remaining as before. 
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^9 



67,3 mean 


S6058.81 


Great weight below. 



86059,10 

86058,76 

86059,79 

86059,51 

86059,29 
— 0,33 
+ 0,04 

86059,00 
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Slider divisions. 
Clock losing 
on mean time* 


Great weight eAove. 


Barofiieter 

19,76 


June 

xoth. 


Temp. 

BIS 

Arc of 
vlbraiiou 

U u< 

me. 

Interv. in 

No. of 
vibfnta. 

Vlbrftliims 
in Utm% 

Curr. 
Cnr mt. 

VilusitioiiM in 
;i hour 4, 

68,7 

m, iE. 
1.17 
9.40 
18, 3 
26 gS 
34Sa 

• 

tfZ 2 

1,04 
oM 
0 ^ 7 $ ] 
0.63 

0 

0,96 

0,S0 

0|6S 

503 ' 

503 
SOS 

504 

SOI 

501 

JOJ 

joa 

860 ^ 6*47 

H6o$6,47 

^6057,82 

86057,16 

s. 

a*aH 

i.fi 

1.0$ 

027$ 

Mcufi 

CliKk 

865^48 

8<» $ yH 

8(1 $M.87 

$7.9* 

— 0, 6 

68,7 

ttmn 

860^8*07 

Great weight Mow. 

68,4 

68^5 

*2.4. 

36.28 

38-5* . 

47.16 

S5*4« 

Xii9 

i»07 

VM 

0,78 

1,00 

0,90 

0,82 

504 

S=4 

S»4 

SOS' 

$02 

$02 

$02 

S°3 

‘^6b$7,i(> 
86 57,16 
86057,16 
86057,82 

a.o8 

1,63 

1,38 

1,10 

Mean 

Clock 

Temp. 

8605(7.24 

86058,79 

86058,54 

86058,92 

86058,87 

— 0,26 

— 0.09 


mean 

86058,52 


The number of vibrations being now in both jpositions suf- 
fidently near each other, and in d^ect, the second weight was 
sidSHired in its place. 
























length of the pendulum, vibrating seconds. 
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7s 


I 


Slider 23 divisions. 
Clock losing 0**20 
on moan time* 


Great weight above. 


Ilarometcr 


■ 

Tentp* 

■1 

Are ef 
vibs&tlen 

Mean 

mic. 

laterv. in 
aeeondit. 

m, nf 
nlmit. 

June 

2tSt. 

» 

yui 

7t,3 

tn> s. 
54- 8 
a.31 
10.53 
19.17 
S741 

i»a3 

1.03 

0,89 

0,73 

0,63 

e 

0,00 
0,8 1 
0,68 

503 
502 

504 
504 

501 

500 

502 
502 


7*»3 

mean 


Vifemtionil'' ' Ci^rr. i in 


in 0^1 hnuTi.! for iir€> 1 ^4 hotir^. 



86056*93 

86058,23 

86?^S7»9* 


86057,90 

mm 0,20 


86057,70 
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Slkier 23 divisions. 
Clock losing o*',2o 
on mean time 


Great weight above. 


Barometer 

^ 9 , 86 . 


Temp. 

Time of co- 
incidence. 

Arc of 
vibration 

Mean 

arc. 

Iiiterv, in 
seconds. 

No. of 
vi brats. 

Vibrations 
in ^4i hours 


Vibrations in 
hours. 

0 

71.4 

7>>4 

m. s* 

36.6 

44.28 

1.14 

9.40 

0 

I>22 

0,87 

o >73 

o <,62 

I>12 

o» 9 S 

0,80 

0,67 

502 

503 
503 

506 

500 

501 

501 

504 

86^55,78 

86056.47 

86056.47 
86058,49 

s. 

2,05 

1 , 4 ^^ 

1,04 

o>7$ 

Mean 

Clock 

86057,83 

h 6 os 7,95 

86057,51 

86059,22 

86058,13 
— 0,20 

71.4 

mean 

86057,93 

Great weight below. 

F 

20.24. 
29.46 
37 > 9 
45-32 
53-55 

' 

1.19 

1.07 

0,94 

0,85 

0,78 

i»i 3 
1,00 
0,89 
0^8 1 


500 

501 
SOI 
501 

8605 5»7S 

86050.47 

86056.47 
86056,47 

2,08 

1,63 

i,z9 

Mean 

Clock 

Temp* 

L..,, 

86057,86 

86058,10 

86057,76 

86057,54 

86057.81 
; ' 0,20 
. + 6.0,9 


miean 

86057,70 


June 

21st 


MDCCdXVni. 
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Slider 23 divisions. 
Clock gaining o^30 
on mean time. 


Great weight aim 


Barometer 

^9>9h 


V in 

t hours. 



The pendulum was now taken down to re-raeasure the 
dNtance between the knife edges, in order to ascertain 
whether or not they had suffered from use» 

The pieces A, a, B and b, being applied as before, the fol- 
lowing .measui’ements were taken. 












length oj the pendulum vibrating seconds. 


75 


Distance from A to a, 

329,06 divisions. 



B to b. 

366.97- 


Date. 

Readings of the micrometer. 

Divisions. 

A to a. 

B to b. 

Scale. 

+ 39.4 in. 

June 

9.7 

39>o 

630,0 

953.66 

S5th. 

7>o 

37.3 

630,0 

955.86 


10,0 

3b’.5 

630,7 

955.1.6 

The pieces made to change placesj 


26th. 

59>o 

87,0 

680,0 

955,01 


59fi 

84,0 

680,3 

956,81 


51 >0 

75.0 

671,0 

955.51 


43.0 

67.7 

664,5 

957,16 


41.5 

68,0 

662,5 

95576 

Mean of the whole 

955.65 


Hence the distance between the knife edges is 39,4 inches 
•4-955,65 divisions of the micrometer. 

Having thus satisfied myself that no injury to the knife 
edges was to be apprehended from moderate use, the pendu- 
lum was again suspended, but now, to my surprise, I found 
the number of vibrations diiFerent from what they were 
before the re-measurement. This difference became still 
greater on the following 'day, and it at length occurred to 
me that the moisture of the atmosphere must have under- 
gone some , change^ dhii that an alteration , had been: thus 
occasioned in the weight of the wooden extremities of the 
pendulum. On referring to the register of the hygrometer 
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kept by Mr. Browne, it wus found tiiiit a considerable 
change had in fact sutkienly taken place from moisture to 
dryness ; and, so great was the derangement of the pciidu- 
liini from this apparently trivial cause, that it became neces- 
sary to move the second weight. This was accordingly done, 
and the following experiments made for again bringing the 
number of vibrations to an equality. 


Slider *9 divisions. 
Clock gaining oSiS 
on mean time. 


Great weight 
Second weight moved. 


Barometer 

29,70* 


^ Time of co4 ^rc «f Kn. Vilirutmii# C»»rr. VihmriMiis in 

Iwttp. incidence. Ivibmtio« arc, necoiwli. vibmts* in *hh hmrrji. nrr. 524 
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Slider 19 divisions. 
Clock gaining o'', 18 
on mean time. 


Great weight above. 


Barometer 

29*70. 



Temp. 

Time of. co* 
incidence. 

Arc of- 
vibration 

IVfean 

arc. 

Interv. m 

seconds. 

1 

-No. of 

vibrats. 

Vibrations 

in 124 hours. 

Corr;' 
for arc. | 

Vibrations* ill' 
^4i hours. 

July 

|St« 

69,3 

69^* 

in. s. 

oisi ■ 
9 'i 7 
1742 

0 

t,2l 

1*00 

0,86 

0 

1,10 

0*93 

0 0 

503 

503 

861357.82 

86057.82 

1 * 9 ^ 

14a 

86959,80 

86059,24 







Mean * 
Clock 

86059,52 
4" 0,1 8 


69,3 

mean 

86659,70 


Great weight below. 


69,3 

69,3 

31*21 

394 S 

hH 
M 3 : 
.1,00 


0 0 

5OSI 

502 

86057.1 

36057.1 

^913 

mean 


2, *3* 

1,83 

86059,47 

86058,99 

M^an 

Clock 

86059,23 ! 
! + 0,18 1 

— i 


86059,41 
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Slider i8 divisions. „ 

Clock gaining o",i8 Great Weight above . 

on mean time, ^ 

■■ 

Xemp, 

lime of co- 
incidence. 

of 

vibratiion 

Mean 

arc. 

Interv.in 

seconds. 

No. of 
vibrats. 

Vibrations 
in 24 hours. 

Corr. 
for arc. 

Vibrations an 
24 hours. 

July 

2nd. 

■ 

H. 

68,6 

68,7 

m. s. 
*8.31 
26,55 

35-19 

43.46 

52.11 

p 

1^25 

i>04 

o>89 

0.74 

0.63 

0 

»,i 4 

0,96 

0,81 

0,68 

5 P 4 

504 

507 

595 

502 

502 
S05 

503 

86o57>i6 
86057,16 
86059; 16 
86057,82 

S.“ 

2,12 

1,50 

i>07 

0.75 

Mean 

Clock 

86059,28 

86058,66 

86060,23 

86058,57 

86059,18 

4- 0,18 

68,7 

mean 

86059,36 

Great weight below . 

■ 

1 

5741 

0. A 
14.28 

31-18 

1,10 

1>00 

^,88 

0,82 

1,16 

1,05 

.0,94 

0,85 

503 

504 
504 
566 

501 

502 

S02 

SP 4 

8^56,47 

86057,16 

86057,16 

86058,49 

2,20 

1,80 

1^44 

i,x8 

Mean 

Clock 

Temp. 

86058.67 
86058,90 
86058,60 

86059.67 

86058,98 
+ 0,18, 
+ 0,09 

'68,9 

mean 

86059,25 


MDCccxvm. M 
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Slider iS divisions- 

Clock gaining </', 18 Great weight ‘zo70 

on mean tinnc. ' 

■ 

Temp* 

9 | 



■ 



Cm. 
f«r arc. 

Vibratjonit in 
24 haur*. 

M/ 

and. 

t 

( 5 g% 

< 59,3 

tn. s. 

17.43 

264 7 
34 ’ 3 » 
42.SS 
51.2a 

I >24 

i»03 

0,88 

0,74 

0,04 

0 

1,13 

0,95 

0,81 

0,69 

504 

504 

S04 

507 

5OZ 

goz 

goz 

505 

86057.16 

86057.16 

86057.16 

86059.16 

s. 

8,08 

‘.47 

1,07 
0.78 ' 

Mean 

Clock 

B6ocoiajii 

86058363 

860583^3 

86059,94 

86059,01 
+ 0,1 8 

69»3 

mean \ ! 

86059.19 

Great weight fe/ow. 

6 g ,3 

69,3 

39 at 

46.44 

- 9 

3-53 
11.58 

1,30 

1,08 

0,98 

0,88 

0,80 

1,14 

1 , 0 } 

0,93 

0,84 

50a 

50s 

SP 4 

505 

Vt Vrt 

0000 
V3U* 0 

8^55,78 

86057,81 

86057,16 

86057,83 

Z^iZ 

htg 

Mdan 

Clock 

86057,90 

86059,55 

86058.58 

86058,97 

8^58,75 
+ 0,18 

J 9»3 

mean 

86058,93 
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Slider 1 8 divisions* ^ ^ 

ciocicgainingo',i8 Great weight a^Tn***^ 

on Rieafl time. ® ^ 9 > 7 °‘ 

{■ 

' 

B9 

Arc 

Vibratiofl 

arc* 

lQ.terv. 4 u 

seoouds. 

No* of 
vabiats. . 

Vibrations 
in bours. 

Corr* 
for arte. 

Vibrations in 
^4 hours. 

July i 

2nd. ; 

K- 

i 

1 

/ ■ ^ ' „) 

1 

m. sS. 

53.29 

1*52 

jo*i6 

26* 7 

1,08 

0>92 

0,76 

0,66 

0 

l >19 

1,00 

0^84 

0,71 

|03 

504 

500 

505 

SPI 

502 

SP 4 

503 

86056,47 

86057,16 

86058,49 

86057,82 

s 

2 ^ 3 * 

i>6j 

1^15 

0,82 

Mean 

Clock 

86058.78 

86058.79 
86059,04 
860^58,64 

86058,96 
+ 0,18 

69,3 

mean 

86059,14 

Great weight below. 

69.3 s 

69.3 

32*18 

|^ 0 * 4|"0 ■ 

49 - 4 
S 7 *s !9 
555 

i,to 

XmOO 

0^90 

0,81 

I,t 7 

t,o5 

om 

0,85 

50a ' 

504 : 

505 
SO4 

500 

so* 

JOJ 

502 

86055,78 

86 o 57 ,ji 6 

86057,82 

86057,16 

Ij8b 

*>47 

,1,18 

Mean 

Clock 

86058,01 

86058,96 

86059,29 

86058,34 

86058,65 
4 - 0,18 ; 

^»3 

mean 

86058,83 
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Slider 19 divisions. 
Clock gaining o*.j 8 
on mean time. 


ini 

Temp. 

Time of co- 
inddotice* 

July 

0 

m. $, 

68,0 

2.18 

1 Sfd. 

68^2 

10.42 
Ip* <5 
27.31 


35-57 


68.1 

mean 

L. 






67.8 

67.8 


*3-5* 

33*10 

40.40 
49. 4 
S7«30 



mean 


86059,32 
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Slider 19 divisions. p 

Clock gaining o", 18 Great Weight above, 

on mean time! ^ ^9>9o- 


■ 

Temp. 


Arc of 
vibration 

Mean 

arc. 

Interv. in 
seconds. 

No. of 
vibmts. 

Vibrations 
in hoars. 

Corr. 
for arc. 

Vibrations in 
S4 hours. 

B9 

1 

68.3 

68.4 

m. s. 

45 - 3 
53-27 

10.16, 

18.42 

0 

1.23 

i >03 

0,87 

o »74 

0,63 

0 

^>n 

0^95 

0,80 

o#68 

-rf- 

0 0 00 

VM.O »J(% UTI 

502 

502 

503 

504 

86057,16 

86057,16 

86057,82 

86058,49 

S 

2,08 

i >47 

t ,04 

Of 7 S 

86059,24 

86058,63 

86058,86 

86059,^4 





1 



j 

Mean 

Clock 

86058,99 
+ 0,18 


68,4 

1 . ^ .. 

mean 

86059,17 

M. 

Great weight helow. 



I 6a>5 


mean 


86059,21 
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The results of such of the preceding experiments as arc to 
be used for calculating the length of the seconds pendulum, 
are brought under one view in the following table : 


Place of 
tho slider 

Bxpt. 

T 0 mp* 

Barom« 

No, af vibmtiouB, 
Gimi wt* 

DiiT. 

Ng, of vibmitons. 
Greiti wt, bflmu 

Vifes. in excess 
nr defect. 

*3 

A 

68,7 

29*76 

86059.39 

,03 

8605942 


‘*3 

B 

7>.3 


86057,70 

•23 

86057,93 


. .*3 ... 

c . 

7 h^ 

29,86 

86057,93 


86057.70 

+ 

■H 1 

D 1 

73 ** 

29,9s 

86056,54 

.43 

86056,97 

MMW 

Pendulum Te-mettsured. 






■E . 

69.3 : 


86058,88 

♦06 

86058,94 


zo 

F 

69.3 ^ 

a 9 i 7 o 

86058,89 

,;i2 

86059,01 

» 

360 

G 

68, s 

29,70 

86059,03 

>19 

86059,22 


iS 

H 

68,7 

29,70 

86059,36 


86059,25 

4 * 

iS 

I 

69.3 

29,70 

86059,19 

,16 

86058,93 

+ 

IS 

•K 

69.3 

29,70 

86059.14 


86058,83 

+ 

19 

L 

68,1 

29,90 

86059,26 

»o 4 

86059*22 

+ 

19 

M 

68.4 

29,90 

86059,17 

104 

86059,21 


- 



Mean 

86058,71 


86058,72 



No bther explanation of this table appears to be necessary, 
than that the column entitled ** Difference " expresses the 
(diilfeience between the number of vibrations in the two posi- 
tions of the pendulum, and that the last column indicates by 
the sig'ii oy — whether the number of vibrations exceeds 
dr Mis short of the truth ; which ihference is drawn from a 
<xs(»l»(rison of the number of vibrations when the great 
weight is above, With the number in that position of the pen- 
dulum when the great weight is below. The mean of the 
vibradens in the column “ Great weight above" not differing 
Sjfdslbiy.^ “ Great weight helm" is a proof 

either position of the pendu- 
consequently' that .the 
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oiie knife edge being the point of suspension, the other must 
necessarily be in the centre of oscillation. 


Length of the pendulum vibrating seconds. 

The distance between the knife edges was as follows : 

Inches. Divisions. Inches. 

By the 1st measurement 39,4, + 956,4,7 = 39,44,094, 

By the and, - 39 , 4+95449 == S944o86 

By the sd, - 39,4 + 955,65 = 39,44090 

Mean 39,44090 

Corr. for error in division of the scale (see 

page 54) - - —0,00005 

3944085 

Hence, 39,44085 inches may be taken as the distance 
between the knife edges at the temperature of 6s degrees. 

Using the vibrations when the great weight was below, as 
being nearer to the truth than in the other position of the 
pendulum, we obtain the following results. 


Expt. 

Temp, 

Barora. 

Vibrations 
in 24 s hours. 

Longtliofthe 
seconds pen. in air 

Corr, for tlte 

atmosphere. 


Bnai 

■' A 

68,7 

*9,76 

86059,42 

39.133*3 

,00544 

39.13857 ' 

+,00028 

B 

7»,3 

^9,86 

86059,93 

39 iJ 3278 

,00544 

39,13823 

+-,00007 

; C 

7 *,4 

39,86 

86057,70 

39, X 3 260 

>005.44 

39,13804 

—,00025 

D 

73 ,* 

29,95 

86056,97 

39. *3259 

>00544 

39.13803 

—,00020 



29 > 7 o 

^058,94 

39/13293 

>00544 

39.13837 

47,00008 

F 

bM . 

29,70 

86059,01 

39.13298 

>00544 

39.13842 

+,60013 


' 


86059.33 

,39^13386 

>00545 

.39.13831 

• +>00002 

H 


29.70 

86059,35 

39.1329.6 

>00544 

.39.13840 

+,0001.1 


% 3 ‘ 

■39,70 

86058,93 

39.13291 

■ 3 ^ 00544 ''. 

39 . 13^34 

+,00065 


'' 


16.958,83 

,, 39,1.3383. 


3,9.13825 

‘•-•>00003 

' 'jEi 

6e,i 

■■ 29 i 90 ' 


39 ii 5 iferi''-' ■ 

^ ,00548^" 

39.-13819 . 




'nm 



,,,* 0054 ^;.^ 

39.13^29 „ 

.'7+,QOOpO, >- 



‘ ' 1 


nr 


■ ■39,138*9, ; 
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The length of the pendulum thus obtained requires yet 
another correction to reduce it to what it would have been at 
the level of the sea. The elevation of the apartments of the 
Royal Society at Somerset House above low-water mark, is 
known to be 8i feet; and by several careful observations 
with an excellent mountain barometer by Ramsden, I found 
the room in Portland Place, in which the experiments were 
made, to be two feet below the Royal Society's apartments ; 
and as the height of the pendulum above the floor was four 
feet, we obtain 8$ feet for the elevation of the pendulum 
above the level of the sea. Now the force of gravity in- 
creasing inversely as the square of the distance from the 
earth's centre, the length of the pendulum must be increased 
in the same proportion, and taking the radius of the earth for 
the latitude of Portland Place to be S 9 S 4 »S ®3 miles, we have 
39»1386 inches for the length of the pendulum vibrating 
seconds at the level of the sea. 

It may be remarked that the greatest difference between 
the mean result and that of any one of the twelve sets of 
experiments contained in the preceding table, is only ,ooos8 
of an inch, or of the whole length of the pendulum ; 

and as seven of the twelve sets are within one ten thousandth 
Of an inch of the mean result, it may be infeired that the 
above determination cannot be very distant from the truth. 

The length here given, is that required to perform one 
vibiiflptt in--^^ part of a hlean solar day, this being the 
ti^^^ empldy!^ for the purpose ; but ! ^ 

sider<^ 

'markai 'a complete ^reyduflon 
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of the earth, and is readily obtained, being the interval 
between the returns of any fixed star to the meridian. 

I shall now proceed to notice the sources of error which 
may be supposed to have affected the results of the preceding 
experiments. 

These may be classed under the following heads. 

1 . The measurement of the distance of the knife edges. 

3. The number of vibrations in 34 hours. 

3. The temperature, and 

4. The form of the knife edges. 

On the first, it is scarcely necessary to offer any remark. 
Since the mean results of three several sets of measurements 
are within one ten-thousandth of an inch of each other, and 
the different methods employed, preclude, it may be pre- 
sumed, any accidental coincidence, we may with confidence 
infer that the error in the distance of the knife edges, cannot 
amount to one ten-thousandth of an inch. 

Among the number of vibrations in 34 hours given in the 
various sets of experiments, there appear to be differences 
which amount in some instances to 1,6^ These differences 
however do not influence the truth of the result, beyond a 
certain minute quantity, the extent and origin of which ! 
shall proceetl to explain. 

In order to determine the vibrations in 34 hours jit is neces- 
sary to ascertain the number of vibrations and parts of a vibra- 
tion made by the brass pendulum during a certain number of 
secbncis the todm^ observation being liniited 
to that when the br^a^pendaium is jat the lowest part of the 
arc^thp process is of neGessity reyersedj and the brass pendnlnni ■ 
is observed to make a certain number of complete vibrattortSs 
■ MDGCcxvni. ' ' 
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durii\^a certain number of seconds and parts of a second which 
constitute the inlenmi. 'The disappearance of the disk can how- 
ever be noted only to a single second, and the brass jKJiiduIiim 
may arrive at the lowest part of the arc either precisely at this 
second, or at any portion of a second preceding it. An error 
might possibly arise from this circumstance amounting to 
nine tenths of a second, by which the interval deduced from 
observation would be less than the truth, and as an error of 
one second in the interval, occasions a difference of 0,63 in 
the number of vibrations in *4 hours, if 0,35 ( the proportional 
part of 0,63) be divided by 4 (the number of intervals form- 
ing each set of experiments) we have 0,14 for the greatest 
error in defect in the number of vibrations in 24 hours which 
can arise from this cause. 

On the contrary, if the coincidence or return of the 
brass pendulum tO’ the lowest point of the arc, should have 
taken place nine tenths of a second before t!ie second at 
which the disappearance of the disk wa.s noted, the error in 
the number of vibrations in 34 Jjours would amount to the 
same quantity, and would now be in excess. 

If the first and third coincidences take place accurately at 
the time of the observed, disappearance- of the disk, and the 
observation of the second coincidence should differ nine tenths 
of a second from the truth, it is obvious that the number of 
ydjrsations in 34 hours deduced from each interval will be 
about p^ 6 f the one being m excess^ the other m 
:• ,?hotfe ^ill; l>e the’- ;truth> though' the: ob- 

. set,, takes:' plape. when the' arc 
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of vibration is much reduced. It is therefore not impossible 
that an error of one second may sometimes, though rarely, 
occur in determining the time of this coincidence. This would 
occasion an error of about 0,63 in the number of vibrations 
in 24 hours, which divided by 4 as before, would influence 
the mean result 0,15 of a vibration. 

In estimating these errors, I have taken an extreme case, 
as it is probable they would in most instances be compensated 
by the succeeding intervals. Supposing them however to be 
combined, the greatest effect on the mean result of any one 
set of experiments might amount to about 0,3 of a vibraffon 
in 24 hours, and the difference between the number of vibra- 
tions in either position of the pendulum, might have been 
double this quantity, and yet when the great weight was 
below, not have differed from the truth more than 0,3 of a 
vibration. 

It appears then, that if the experiments have been con- 
ducted with sufficient care, no greater difference should be 
found between the mean, and any one of the resulting lengths 
of the pendulum contained in the preceding table, than might 
have been occasioned by a difference of 6,30 f a vibration in 
»4 hours, and this is found to be about 0,00030! an inch. 

In fact, on referring to the table we perceive that the expe- 
riments A and .D, which differ most from the mean, give, the 
one, ooc>ss9 of an inch in excess, and the other ^00026 defect. 

In considering: the fsouipces of error, may. not ^^u 
saiy to remark : thaf h bar of the pendulum been madfe 

too thick, and the :)khife edges placed accurately at 

':ri^ht>.^gies to it, :ah ettm^'.thidufgh 'very minute,'' might' ha^d' 

' ''effect'pf "tlid''dhii^ui'tf th'dirn^msh - 



ga Capt. Katkr’s experiments for determining the 

tance of the centre of oscillation from the axis, 'rhis was 
sufficiently guarded against by having the bar so thin as to 
ensure its becoming perpendicular by its own weight, had 
the position of the knife edge been in a small degree erro- 
neous ; for though the form the bar would assume is strictly 
speaking a curve, it may without sensible error be considered 
as a straight line. 

With regard to temperature, every precaution was taken 
to prevent error. The thermometer used was made by Mr. 
Troughton for the late Sir George Shuckdurgh. It is divi- 
ded into half degrees, and the height of the mercury may be 
estimated to one tenth of a degree. It has been already ob- 
served in the preceding part of this paper, tliat the thermo- 
meter was approached onty at the first and last coincidences. 

The experiments themselves afford, it is presumed, a suffi- 
cient proof of the stability of the knife cdgc.s. Every care 
was tiaken to form them in the first instance as perfect as 
possible ; and after four .sets of experiments had been nude, 
they were found on re-measurement to have suffered no per- 
ceptible alteration ; and it is evident by the near agreement 
of the results, that they reniained uninjured during the suc- 
ceeding experiments : it is difficult therefore to conceive that 
msy errpr can have arisen ffom this source. 

I may here rema^^^^ the mkhod I have employed in 
determining the length bf the pendulumj possesse.s other ad- 
heaides that pf superseding the errors a rising from 
s; ;■ ari(ji,;^^ci not the least considerable 

the true, iength^bl. the 
limits.i.:Thua,jfii the 
the re-measurement of ,the 
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distance between the knife edges, we may remark that when 
the slider was at 29 divisions, the number of vibrations (the 
great weight being below) was, 86057,85 and in defect; and 
when the slider was removed to 19 divisions, the number of 
vibrations was 86059,4,1 and in excess. The true number of 
vibrations then is evidently between the two, and the utmost 
extent of error in using either of these numbers must fall 
short of 1,73 their difference when reduced to the same tem- 
perature. But if the mean be employed in the computation, 
the length of the pendulum will be found to differ only about 
four ten-thousandths of an inch from the mean result given 
in the foregoing table. 

It may not be unnecessary to add that every experi- 
ment made has been retained ; nor do I consider any one as 
less entitled to credit than the rest, excepting that marked A, 
in the table ; and that, only because the rate of the clock was 
not observed on the day of the experiment, but was taken to 
be the same as the rate of the following day. 

The length then of the pendulum vibrating seconds in 
vacuo at the level of the sea, measured at the temperature of 
62® of Fahrenheit, appears to be 

inches. 

By Sir G. Shuckburgh's standard - 39,13860 

By General Roy's scale - - 39 , 13717 

By Bird’s Parliamentary standard - 39,1384,3 

the latitude of the place of observation being 

• The latitttde was dedo^^ contained in the trigonometrical sur. 

Mr. Brownb’s house Iwaring from Pornand Chapel 74®., 38^ 50*. west frdm 
the north, the distance bring, 283 feetl the iati|ddd 

deter^rifed ‘'hjir Mr, fi aown e.' from-d greit dumber of, observations. ' ' . ■ 'C' ' ' ' f '} ' ■ ' 



Capt. Kater’s experiments for determining the 

An objection might be urged against the use of the knife 
edge, on the. ground that being an elastic .substance it may 
possibly suffer temporary compression, and thus perhaps in- 
troduce a source of error. In order to meet any doubt that 
might arise on this important part of the subject, it is my 
intimtion to commence a series of experiments with a pendu- 
lum of the same construction as that which has been described, 
but vibrating on cylinders instead of knife edges, and I trust 
soon to have the honor of laying the result before the Royal 

Society. 


London, July, »8i7. 
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APPENDIX. 

Since the preceding Paper was written, a very curious and 
important theorem has been discovered by M. Laplace, 
of which Dr. Young has favoured me with a concise 
demonstration, together with some other investigations 
which I shall subjoin in his own words. 

My. dear Sir, 

I cannot forbear to congratulate you on the discovery of 
the singular property of your pendulum,, which has lately 
been demonstrated by M. Laplace, since 'it appears to 
remove the only doubt, that could reasonably be entertained, 
of the extreme accuracy of the results of your experiments. 
The correction for the curvature of the rolling surfaces, in 
the case of a simple pendulum, is very easily obtained from 
the. geometrical determination of the curve described, although 
M. Laplace’s train of reasoning, from mechanical princi- 
ples, is somewhat too elaborate to be readily followed through 
all the symbols in which it is enveloped: and the same geo- 
metrical considerations appear, at first sight, to be equally 
applicable to the case of compound pendulums in general, 
since |he motions of all their effective parts are concentric, 
with those of ^ simple one similarly suspended. , But upon 
further refleetion, it hecpmejs evi^^t that the^^ motions^ 
though c<)ncennrio^:m« related' to e^ich other im proportioiis 
somewhat difi^ent , pendalum' yibr|t« 
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mine the modification of the motion produced by tins difference 
of connexion. The investigation may however be conducted 
in a method much more simple and intelligible to ordinary 
capacities, than that which has been adopted by the celebrated 
mathematician to whom vve are indebted for the theorem ; 


and I am tempted to send you an “ nperfiP’ of the reasoning 
by which I have satisfied myself respecting it. 

It follows immediately from the general theorem for find- 
ing the curvature of trochoids of ail kinds, { Lecture.s on Nat. 
Phil. IL p. S59) that the radius of curvature of the path of 
any point, in the rod of a pendulum supported by a cylindri- 
cal axis, will initially be a third proportional to the distances 
of the point from the centre of the cyliiider, and from the 
surface on which it rolls : so that when the cylinder is small, 
and the pendulum simple, the centre of curvature of its path 
may be considered as situated at the distance of the radius r 
below the point of contact: and this is obviously the only 
correction required for such a pendulum as that of HonDA. 
But when the weiglit is divided, or of considerable magni- 
tude, it becomes necessary to calculate the effect of the dif- 
ferent curvatures of the paths of its different parts, and to 
compare these paths with that of a pendulum A of any given 
length a. Supposing, for the sake of simplicity, the weight 
of each hqrtzontal section to be concentrated in the vertical 
IkiCj ^d calling of any particle P below the 


of the cylinder the radius of curvature of its path 

X, that is, — and 
;at a 'given distance' from' the ,ver-' 




directly aia the curvature, or inversely 
fee dyiHved from the height of P will be 
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to the force at an equal distance in the path of A, as a to -dilL, 

or as - to 1. Now the point of the rolling pendulum 
confined to the vertical line is not the centre of curvature, 
but initially the surface of the cylinder : so that this must be 
considered as the point of intersection with the vertical line, 
and as the fulcrum of the lever; consequently the distance of P 
from the vertical line will be, to that of the pendulum A, as 
X to <2, and its immediate force will be - 

but this force, acting only at the end of a lever x, will have 
its effect at A again reduced in the ratio of x to a, and will 
then become P: and if we expfess the sum of all the 
similar forces belonging to the body by the character 
whether found by a fluxional calculation or otherwise, we 
have the whole force, at A, S^^^P. The reduced or rota- 
tory inertia of the body, sometimes very improperly called 
the momentum ” of inertia, will also be expressed by 
S^P, being reduced in the ratio of the squares of the dis- 
tances from the fulcrum ; consequently the accelerative force 


will be to that of the pendulum A as 


sffp 

act- 

"- rT tr-' to 1, or as 

xliilp 

a 


, to 1 ; since it is indifferent whether the integral 

or the differential be divided by the constant quantity a : and 
in order to express the length of the equivalent pendulum, 
we must suppose a to be as much lengthened as the force is 
weakened, so that We havb for tlfis; length it Is 

obvious that the denominator of this fraction is the same that 


Would expfess the. forqe of the' body with regard to . the 
cylin^fih as a fixed point ; and it might; indtee^ 


HDCCCXVIII.' •• • '.O' 
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have been inferred at once, from the principle of virtual velo- 
cities, that the force must be the same in either case, however 
irregular the form of the body may be : but it: is s. unewhat 
more satisfactory to follow the mechanical steps by which 
the operation of the law takes place. If we make r=o, we 
/, for the length of the equivalent pendulum 


have 


2 XV P 

£ * P 


when the surface of the cylinder i.s supposed to be the centre 
of suspension ; and it follows from the well known properties 
of the centre of gravity; thatSa? P the sum of the pn jduct of 
all the particles into their distances, is equal to Qd, the product 
of the whole weight Q into the distance of the centre of gravity 
from the point of su.sponsion ; and S a*’ P = je P / == t:/ Q /, 

so that the equivalent length for the roiling pendulum 
dl^Q^ dlCL rf/O .1 


becomes 


as £a:P4-2rP‘ 


f being supposed very small j which, for a simple pendulum, 
when dsssl, becomes /•—?*, as it ought to do. We must Imw- 
ever find the displacement of the centre of su.spcn.sion which 
!S capable of producing an equal alteration in the length of 
the equivalent pendulum ; and for this purpose we must have 
recourse to the theorem of Huygens, which may be easily 
deduced from the expression : for calling a? — </, the 
distance of any particle of the body from its centre of gravity, 

and Sa:*P=s 

948^!^^^^+ the integral of SyP.the 

distanee of each particle into its distance from 
of gravity always vanishing ; conse- 

and / 

equal 
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to dl — d*. If now we suppose d to be increased by the small 
quantity s, the reciprocal, instead of / — c?, will become 

^ir = {/— rf) ( 1 — j)= /— + J. to which 

adding we have /— the increase of the length 

being ^^^s ; and making this equal to — jr, we have s=s^^: 
and when the pendulum is inverted, substituting / — cf for d, 
the expression becomes , which, added to the 

former negative value of the same quantity, must always 
destroy it : so that the length of the equivalent pendulum 
will be traly measured by the simple distance of the surfaces 
of the cylinders, as M. Laplace has demonstrated. 

There is however another correction, of which it becomes 
necessary to-deterraine the value, when a very sharp edge is 
used for the axis of motion, as in the pendulum which you 
have employed : since it appears very possible, that in this 
case the temporary compression of the edge may produce a 
sensible elongation of the pendulum. But it will be found, by 
calculating the magnitude of this change, that when the edge 
is not extremely short, and when its bearing is perfectly 
equable, this correction may be safely neglected. 

Supposing a to be the distance from the edge, in the plane 
bisecting its angle, at which the thickness is such, that the 
weight of the modulus of elasticity corresponding to the sec- 
tion sliall b^me equal to the weight of the pendulum, the 
eUsticity at ahy other distanpe^ 4; from the edge will be raea-!*; 
smred by a?, while th® weight is represented by a; so that 
the elfP^nfery wHl- be reduced by the presfur© 

©f file Weight to ithe fdfuient of the compresssibh:; 
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will be“~~ and its fluxion r-~dj«T, of which the fluent is 

Now the height of the modulus of elasticity of 
steel is ten million feet, (Lect. Nat. Phil. 11. p. ,509) and the 
weight of a bar, an inch square, and of tins height, would be 
about 30 million.s of pounds; so that if the weight be 10 
pounds, and the line of bearing an inch long, the thickness at 
the distance a must be one three millioitth of an inch ; and 
supposing the angle a right one, a must be ^2 4?ooo ’ 
making a-sss 1, wo have the whole conipres.sion of the edge 
within the depth of an inch h l 4244,001 ; and this 

logarithm being 15.26, the correction becomes equal to the 
360 thousandth of an inch. If the bearing were one tenth of 
an. inch only, the compression for both the oppo.sitc edge.s 
would become ti supposing that they retained their elas- 
ticity, and underwent no permanent alteration of form. In 
fact, however, the edge must be considered as a portion of a 
rpinute cylinder, which will be still less compressible than an 
angle contained by planes ; and the happy iiropcrty, demon- 
strated by M. Laplace, will prevent any sensible inaccuracy 
from this cause, however blunt the edg^s may be, supposing 
that the steel is of uniform hardness in both. 

Believe me, my dear Sir, very sincerely yours, 

Thomas Young. 

, Welbeck Street, jth J»n' *8i8» 

; F. S, it is easy to show that the determination of the 
^ by means of a weight sliding on a 

methed that I have proposed as the 
a, correct standard, iS;equal!y 
fiiM%^i|^htbf lhe ma^ cylinder employed. The 
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reduced inertia S a?* P here consists of two portions : for the 
rod we may take the equivalent expression if/Q, which we 
may call axy, a being the weight of the bar (Q),a: tjie distance 
{d) of the centre of gravity, and y the equivalent length (/): for 
the ball we must employ the formula == syP + 
and call S/P, u, and h being the weight of the ball, 

and z the distance of its centre of gravity from the point of 
suspension : and in the same manner the force S(a7+ r)P = 
l^d^r) Q must be composed of the two portions a (a?+r) 
and h (z -1- r), so that the equivalent length becomes 


axy + « + bzfs 
a (x+r) + 6(K+r) 


— ■ « ■!;!>+>, we may call 


«+ TO 


The experiment being then performed in four different posi- 
tions of the weight, at the distances d', d", and so that 
the second value of z may be z — d' = z\ the third z — 
and the fourth z — d"' ssz'''^ we must observe the times of 


vibration, and deduce from them the comparative lengths of 
the equivalent pendulum, t, n’t, rl't, and n'”t : and hence the 
value of z, of Vf and of t may be obtained, without deter- 
mining w, and of course without employing the quantity r. 


First — t 

rirsi, — f, 

II, z-^w 




in't, 




nH 21 *+® 


sf ^ w 111 


z 


n’%. 

+ T» 




in, « 

\%d 



jit , 




ie"*+v 


; 


*®4 
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V, / 


V 4 * ^ 


"“y' n"# 


4 V 


VI, by comparing the first of these equations .sucees.sively 
with the second and third, and bringing the terms containing 
V to the same side, we obtain 
„ _ /** *'•_*! 

— • \7‘ mV rf' •" Hifj — \S5 

'Xhis equation contains only the squares of the values of 
S5 wtdi known coefficients ; and if we substitute s — d\ z — r/", 
and: sr-*— tf"' for and respectively, we shall obtain an 

equation in the form whence » sas+V' 

•-U. 


T. Y. 
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V. On the length of the French MHre estimated in parts of the 
English standard. By Captain Henry Kater, F. R. S. 

Read February 5, t8i8. , 

One of the objects of the committee of the Royal Society 
appointed for the purpose of determining the length of the 
seconds pendulum, being the comparison of the French m^tre 
with the British standa^. measure, two metres were procured 
from Paris for that purpose, the one made in the usual man- 
ner and called the metre d bouts, and the other a bar of platina 
on which the length of the metre is shown by two very fine 
lines ; this is named the inHi’e d traits. 

The width of the metre d bouts is one inch, and its thickness 
0,3 of an inch. On one side the word “ Metre ” is engraved, 
and on the other " Fortin a Paris." The terminating 
planes are supposed to be perfectly parallel, and the distance 
between them is the length of the radtre. 

The metre d traits is the same width as the mitre d bouts, 
but only a quarter of an inch thick. The lines expressing 
the length of the mdtre are so fine that one of them is 
scarcely perceptible even with the assistance ®f a microscope, 
unless the light be very favourable. The situation of the 
lines may however be discovered by two strong Wack dots 
made with a graver at the extremities of each, and a fine line 
crosses them at right' angles to indicate the parts from which 
the measurements are to be taken. 

This m^tre previous to being brought from Paris, was 
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compared witli a standard metre by M. Arago, with all that 
care and ability which he is so well known to possess, and 
which so delicate an operation requires. The result was, that 
the distance between the lines was found to be less than a 
metre by 4-^^ of a millirafetre or ,00069 of an inch. 

The same micrometer microscopes were used in the com- 
parisons which I am about to detail, as have been already 
described in my account of experiments on the length of the 
pendulum, in the Philosophical Transactions of the present 
year, and as the length of the mdire is nearly 39,4 inches, 
I was enabled to refer it to the same divisions of Sir George 
Shuckburgh^s scale as I had employed in the measurement of 
the pendulum. 

I commenced with the nHre d traits. It was placed in 
contact with the standard scale, their surfaces being in the 
same plane. An excellent thermometer was laid upon the 
scale, and a piece of thick leather was placed upon its bulb 
in order to prevent its being affected by heat from the person 
of the observer. 

The whole was suffered to remain in this state for two or 
three days, after which the following observations were 
made at various times, the microscopes being brought alter- 
. natdy over the m^tre and the scale. The value of each 
division of the micrometer is 3^5^ of an inch.* 

* For the manner in which this value was obtained, see page 51 of the preceding 
paper. 
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Comparison of the mHre d traits. 


Temperature. 

Reading 
Df the mi- 
crom at 
39,4 of 
the scale. 

Reading of 
the taicrom, 
at the metre 

Divisions to 
36 deducted 
fi om 39, 4 in- 
chrs. 

Distance in in- 
ches between 
the lines desig- 
nating the me- 
tre. 

Correction j 
*or tempera- . 
Lure in deci- 
tuals of an ° 
inch, I 

distance in inches 
etween the lines 
esignating the 
a^tre, the metre 
cing at 32®, and 
lie scale at 62®, 

60,0 

85,0 

644,5 

559*5 

39,37606 

,00604 

39,37002 

60.7 

75*5 

639,0 

563*5 

39.37588 

,00589 

39,36999 

61,7 

69,2 

634,0 

364,8 

39*37583 

,00568 

39*37o»S 

62,0 

65,0 

630,3 

565*5 

39.37580 

,00562 

39.37018 

62 , 4 } 

61,0 

629,0 

568,0 1 

39*37569 

,00554 

39^37015 

62,3 

58>7 

629,5 

570,8 * 

39*37557 ! 

>00556 

39,37001 

62,2 

58,0 I 

628,0 

570,0 

39*37560 

,00558 

39,37002 

62,2 

! 

625,0 

566,0 

39*37577 

,00558 

39^370*9 

62,1 

59 »o 

625.S 

566,5 

39*37575 

,00560 

39 > 370 iS 

58,8 

90,0 

638,0 

548,0 

39,37634 

,00629 

39,37025 

S9*o 

83>o 

637,0 

554*0 

39*37629 

,00625 

39,37004 

59.0 

82,0 

636,0 

554.0 

39*37629 

,00625 

39,37004 

59 .a 

83,2 

632,0 

548,8 

39.37651 

,00621 

39,37030 

59* » 

81,0 

632,0 

551*0 

39.37642 

,00623 

39 > 37 oi 9 


Mean 

The distance between the lines designating the ' 
metre was found by M. Arago to be too 
little by a quantity rz ,00069 of an inch which 
add . - . 


The distance from zero to 39.4 of Sir G. Shuck*" 
BURGH*s scale is too short compared with the 
mean of its divisions by ,00005 of an inch which 
subtract* « - - ^ 

Hence the length of the metre in inches of Sir 
G. Shucks URGH^ s scale is 


39,37012 

+>00069 

—,00005 


39*37076 


The comparison of the mhre d hoiits, presented considerable 
difficulties, which I conceive it would be of little use to detail, 
as the necessity of comparisons of this kind is of very rare 
occurrence ; I shall therefore proceed to describe the method 
which was at last found successful. 


MDCCcxvnr. 


* See page 54* 

p 
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Four rectangular pieces of brass were prepared precisely 
similar to those described in the account of experiments on 
the pendulum in the Philosophical Transactions before 
referred to. These were marked C, c, D and d. The per- 
fectly plane rectangular edges of the pieces C and c, being 
placed in contact, and kept thus by means of a spring, the 
distance of the fine lines drawn on their surfaces, parallel 
and very near to the rectangular edges, was found to be 
500,5 divisions of the micrometer, and the pieces D and d 
being placed in like 'manner in contact, the distance of the 
lines on their surfaces estimated in the same divisions was 
45 ^. 7 - 

The mHre a bouts being placed by the side of the brass 
scale and in contact with it, the pieces D and d were applied 
to its extremities, the surfaces of the brass pieces being a 
little below the surface of the m^tre in order to preclude any 
error which might have arisen from the edges of the metre 
projecting beyond its terminating planes. Each of the brass 
pieces was supported in this position upon a piece of lead of 
a sufficient thickness, and kept in close contact with the end 
of the metre by means of a .slight spring bearing against a 
pin driven perpendicularly into the lead. 

In order to ensure a perfect contact between each brass 
piece and the terminating plane of the m^tre, a fiat ruler of 
brass was laid upon the surface of the m^tre so as to project 
beyond its extremity, and the end of the lead was elevated or 
depressed so that the line of light seen between the piece of 
bi^ass and the ruler, the eye being level with the surface of 
the brass, appeared to be equal in every part, when it was 
inferred that the surfaces of the m^tre and of the piece of 
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brass were parallel, and consequently that their rectangular 
ends were perfectly in contact. 

The distance between the lines on D and d, was now taken 
by the microscopes, and transferred to the scale in the manner 
before described ; and when a sufficient number of compari- 
sons had thus been made, the pieces D and d, were exchanged 
for those marked C and c, and the observations repeated with 
every precaution to ensure an accurate result, especially with 
respect to temperature. 

The under surface of the m^tre was then placed upjper- 
most, and the apparatus being arranged as before, the same 
process was pursued as that which has just been described. 
The results are contained in the following tables. 

Comparison of the metre d bouts. 


The pieces D and applied. Distance from D to d, 456,7 
divisions. The word Metre above. 


Tempe- 

rature. 

Keadlug of 
the itiicrom. 
at 39,4 of 
the scale. 

Heading of 
the microm, 
at the bhiss 
pieces. 

Differ- 

ence, 

. 

Divisions to 
be deducted 
from 39,4 
inches. 

Length of the 
Metre. 

Corr. for 
temperature 
in decimals 
of an inch. 

Length of the 
Metre, the m^tre 
being at S2 and 
the scale at 60 *. 

59>7 

S 4,8 

SS»o 

5 S»* 

SS.2 

9>5 

38.0 
39 »o 
36,* 

36.0 

g^>o 

9S>o 

Bz,o 

59 ><> 

SB,8 

59 >o 

538.7 

5 i 5>9 

SiS >7 

5^5>5 

S^5>7 

39’37^94 • 

39.37792 

39.37793 

39 - 3779 + 

39,37793 

aOo6lO 

’<=>0713 

>oo^d9 

,00707 

,0070^ 

39-37983 

39,37079 

39,57084 

39.37087 

39.37088 

Meaa 1 39,37084 

The pieces C and c, appliec 
■'■'The Wo 

i. Distance from C to e, 560,5 divs. 
rd Metjeie aboVei. 

'"■Sm: 

■ 3 o >7 

30,0.. 

,; ; ,a' 3 »o ; 

■47*5::/'^ 

.. ■ 

44?7 

■174 ■ 

’•■JE 7 i 3 , 

■20j5' , 

, 21,7, ‘ 

5 * 7,3 

- 5 * 7 .,|v' 

:S-* 7 ', 8 '' 

; spno ■ 

522,2'., 

39 , 37786 ' 

■: 39,3778+ 
39,3778+ ' 

39 , 377 ^ 

; 39,37765 ; 

,09696 

,60694.' 

>606^ 

,06684 

,00681 

39,37090 : 
39,57090 , ■ 
39,3709+ " 

39,37086, 

.39,3708+ 


39 > 370 ^ , 
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39,37082 


The pieces D and applied. Distance from D to ii, 4,36,7 
divisions. The word Fortin above. 



39.37090 


Summary of the preceding comparisons., 
The word « Metre above - i 2 39 » 37 o 2 i 


Fortin 




. Mean. 39,37086 
Subtract for error in division of the scale - —^00005 


Length of the Milre d touts In inches of Sir G* Shocks 
:-:'., 3xr,RG^^^s' scale V. ^ ‘ ■ 


} 39’S7oSi 


^,iivhich the'. correction for 
.e&p^aqnfof .accord- 
hoRDA aiid;,Qtli^s,^)s. ,600004,7® 
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parts of its length for one degree of Fahrenheit, and as 
this is the expansion used by the French in adjusting the 
length of their metre, it must be employed on the present 
occasion. The m^tre being taken at 32°, the expansion for 
the difference between this and the temperature of measure- 
ment, must be subtracted from the apparent length of the 
mfetre. The English standard temperature is 6s®, therefore 
if the temperature of measurement be under this, the expan- 
sion of the scale for such difference of temperature must be 
deducted from the length of the metre before obtained. 
These two corrections are combined in the column entitled 
“ correction for temperature.” Sir G. Shuckburgh's standard 
scale is of cast brass, and as I could not conveniently deter- 
mine its actual expansion with that degree of accuracy that, 
would have satisfied me, I have taken for it, the mean result 
of two experiments made on plate brass, which gave me an 
expansion of ,0000101 parts of its length for one degree of 
Fahrenheit. The mean of most of the experiments made 
on the expansion of brass gives ,0000104, and had I employed 
this last number instead of my own, the difference in the 
length of the metre would have been utterly inconsiderable. 
Supposing then both metres to bei of equal authority, we 
have for the length of the mktre a traits 39,370^, and for 
that of the mktre d bouts 39,37081 inches; the mean of which, 
39,37679, may be taken for the length of the metre in inches 
of Sir G* SHUCK^ra standard scale: wlien each is brought 

to its proper temperature.* 

' ' ' The length the metre compared with Bird parikmehtary standard fc 
, 3, ^^70^ inches-;''' ' ^ 

; :'Londpn> ‘November 1817.: ' ' ' 
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VI. A few facts relative to tive colouring matters of some vege- 
tables. By James Smithson, Esq. F. R. S. 

Read December i8, 1817. 

X BEGAN, a great many years ago, some researches on the 
colouring matters of vegetables. From the enquiry being to 
be prosecuted only at a particular season of the year, the 
great delicacy of the experiments, and the great care required 
in them, and consequently the trouble with which they were 
attended, very little was done. I have now no idea of pur- 
suing the subject. 

In destroying lately the memorandums of the experiments 
which had been made, a few scattered facts were met with 
which seemed deserving of being preserved. They are here 
offered, in hopes that they will induce some other person to 
give extension to an investigation interesting to chemistry 
and to the art of dying. 

Turnsol. 

M. Fourcroy has advanced, somewhere, that turnsol is 
essentially of a red colour ; and that it is made blue by an 
addition of carbonate of soda to it ; and he says that he has 
extracted this salt from the turnsol of the shops. 

If turnsol contained carbonate of soda, its infusions should 
precipitate earths and metals from acids. 

I did not find an infusion of turnsol in water to have the 
least effect on solutions of muriate of lime, nitrate of lead, 
muriate of platina, or oxalate of potash. 
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Its tinctures, or infusions, consequently, contain neither any 
alkali, nor any lime ; nor probably any acid, either loose or 
combined. This is unfavourable to the opinion of urine 
being employed in the preparation of tumsol. 

I put a little sulphuric acid into a tincture of turnsol, then 
added chalk, and heated ; and the blue colour was restored. 
It appears, therefore, that the natural colour of turnsol is not 
red, but blue, since it is such when neither disengaged acid 
or alkali is present. 

No addition of chalk brought the cold liquor back to a 
blue colour ; the carbonic acid absorbed by it, during the 
effervescence of the carbonate of lime, being sufficient to 
keep it red. 

Some turnsol was put into distilled vinegar. An efferves- 
cence arose ; and after some time the acid was become neu- 
tralized. On examining the mixture with a glass, there were 
seen, at the bottom of the vessel, a multitude of grains like 
sand. It was found on trial that these grains were carbonate 
of lime; probably of slightly calcined Carrara marble. 

When turnsol is treated with water till this; no longer 
acquires any colour whatever, the remaining insoluble niatter 
is nearly as blue as at first. 

Acids made this blue insoluble matter red, but did not 
extract, any red tincture. 

Carbonate of soda did not affect it. 

If the vegetable : part of this blue residuum is burned 
av^ay, dt it is off with^ water, a ; portion of shnalt is 

. OK d hath# a tinctide of turnsol,- the 
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This matter heated in a platina spoon over a candle, tume- 
fied considerably, as much as starch does, became black and 
smoked, but did not readily inflame, nor did it burn away till 
the blowpipe was applied. It then burned pretty readily, 
leaving a large quantity of a white saline matter. This saline 
matter saturated by nitric acid afforded crystals of nitrate of 
potash, and some minute crystals like hydrous sulphate of 
lime. 

Is this potash merely that portion of this matter which 
exists in all vegetable substances ^ or is the colouring matter 
of tumsol a compound, analogous to ulmin, of a vegetable 
principle and potash ? Its low combustibility gives some 
sanction to this idea. 

Of the colouring matter of the violet. 

The violet is well known to be coloured by a blue matter 
which acids change to red ; and alkalies and their carbonates 
first to green and then to yellow. 

This same matter is the tinging principle of many other 
vegetables : of some, in its blue state ; of others, made red 
by an acid. 

If the petals of the red rose are triturated with a little 
water and carbonate of lime, a blue liquor is obtained. Alka- 
lis, and soluble carbonates of alkalis, render this blue liquor 
green ; and acids restore its red colour. 

The colouring matter of the violet exists in the petals of 
red clover, the red tips of ^those of the common daisy of the 
fields, of the blue hyacinth, the holly hock, lavender, in the 
inner leaves of the artichoke, and in numerous other flowers. 
It likewise, made red by an acid, colours the skin of several 
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plumbs, and, I think, of the scarlet geranium, and of the 
jjomegranate tree. 

The red cabbage, and the rind of the long radish are also 
coloured by this principle. It is remarkable that these, on 
being merely bruised, become blue ; and give a blue infusion 
with water. It is probable that the reddening acid in these 
cases is the carbonic; and which, on the rupture of the 
vessels which enclose it, escapes into the atmosphere. 

Of sugar-loaf paper. 

This paper has been employed by Bergman as a chemical 
instrument. I am ignorant of what it is coloured with. 

Sulphuric, muriatic, nitric, phosphoric, and oxalic acids 
make it red. Tartaric and citric acids, made rather yellow 
spots than red ones. Distilled vinegar, and acid of amber, 
had no effect on it. 

Carbonate of soda and caustic potash did not alter the 
blue colour of this paper. 

Water boiled on this paper acquired a vinous red colour; 
carb'onate of lime put into this red liquor, did not affect its 
colour : nor did carbonate of soda or caustic potash change 
it to blue or green. 

Cold dilute sulphuric acid extracted a strong yellow tinc- 
ture from this boiled paper : carbonate of lime put to this 
yellow tincture made it blue ; but on filtering, the liquor which 
passed was of a dirty greenish colour; and sulphuric acid 
did hot make it red : a blue matter was left on the filter, 
which was not made red by acetous acid ; but was so by 
sulphuric. 

MDCCCXVIII. Q 
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After this treatment the- paper remained brown ; seem- 
ingly such as it was before being dyed blue. 

It should seem that there are at least two colouring matters 
in this paper ; one red, which is extricahle from it by water ; 
the other blue, which requires the agency of an acid to ex- 
tract it. 

Its insolubility in water, and low degree of sensibility to 
acids, distinguish the blue matter from turnsol ; to which its 
not being affected by alkalis otherwise much approximate it. 
Its easy solubility in dilute sulphuric -^cid, and being reddened 
by it and several other acids, show it not to be indigo. 


OJ the black mulberry. 

The expressed juice of this fruit is of a fine red colour. 
Caustic potash made it green, which gradually became 
yellow. 


Carbonate of soda did not make it green, but only blue. 

Carbonate of ammonia changed it to a vinous red, rather 
th^ to blue ; and this redness increased on standing. 

Caustic ammonia made it bluer than its carbonate ; but, on 
standing, the mixture became of the same vinous red. 

The mulberry juice mixed with carbonate of lime became 
purple. On filtering, a red Hquor passed ; and the carbonate 


of linie left oh. the filter was blue. An addition of whitening 
tojthe ired filtered liquor did not alter its colour ; nor did this 
secoa^j^j of w^ blue. Heating did not 

'tMsKfiquqr .so" that: it was: ®ot owing 
.. carbonate^ of i liiho’ 

and 
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Sulphuric acid rendered all the above mixtures florid red. 
It is remarkable that the mixtures with ammonia, and carbo- 
nate of ammonia, which were become quite vinous red by 
standing, were made a perfect blue by the sulphuric acid 
before they were reddened by it. It would hence seem that 
the red colour, caused by these alkalis, was owing to an 
excess of them ; and that in a less quantity they would have 
produced a blue. 

The filter, into which the mixture of mulberry juice and 
chalk had been thrown, was become tinged blue. Water 
did not remove this colour. Sulphuric acid made this paper 
florid red. Caustic potash did not alter its blue colour ; but 
put on the places made red by sulphuric acid, it restored the 
blue colour, but did not produce green. 

Future experiments must decide whether this blue matter 
is the same as that of turnsol ; or as the blue matter which 
the experiments above have indicated in sugar-loaf paper. 

The juices of many other fruits, as black cherries, red cur- 
rants, the skin of the berries of the buckthorn, elder berries, 
.privet berries, &c., seem to be made only blue by mild fixed 
alkalis, but green by caustic. Puzzling anomalies, however, 
occasionally present themselves, which seem to show a near 
relation between the several blue colouring matters of vege- 
table, and their easy transition into one another. 

: The corn 

The petals of the common red poppy cf ' the fields ruined 
on paper stain it of a Bedtfisii 

v : ^ of : carl^anatb of pat to this SfMin ckjcarictodd 

:imtJittle, change in. k; V: - 
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Caustic potash made it green. 

Caustic ammonia seemed not to have more effect on it than 
carbonate of soda. 

Some puppy petals being bruised in a mixture of water 
and marine acid, formed a florid red, solution : a superabun- 
dance of chalk added to this red liquor, did not make it blue; 
but turned it to a, dark red colour exactly like port wine. 

Some poppy petals bruised in a weak solution of carbonate 
of soda, and the mixture filtered, the liquor w'hich came 
through was not at all blue, but of a dark red colour like 
port wine. Caustic potash made this red liquor green, which 
finally became yellow. 

Some dried poppy petals of the shops, gave a strong 
obscure vinous tincture to cold water. This red tincture 
heated with whitening, did not alter to blue, but preserved 
its red colour. 

These very imperfect experiments may perhaps suggest 
the idiea, that the colouring matter of this flower is the same 
as the red colouring matter of the raul berry. 

Of sap green. 

The inspissated juice of the ripe, or semi-ripe, berries of 
tte buckthorn^ constitute sap green; by 

the^ vert de yessie. This species of green matter is 

eiitirey ffiffeteht from the common green matter of vege- 

=■'- ' '- 'v' -X; > '■ 

"hhangedithei^k- 

ringed- bjr;S^?gfeem is a 
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Sulphuric, nitric, and marine acid, made it red. Carbonate 
of lime added to a reddened solution, restored the green 
colour, which therefore appears to be the proper colour of 
the substance. 

The green colour, which the last infusions of galls present, 
appears to be different, both from the usual green of vege- 
tables, and from sap. green. 

Some animal greens. 

A green puceron, or aphis, being crushed on white paper, 
emitted a green juice, which was immediately made yellow 
by. carbonate of potash (wrongly called sub-carbonate.) 

There are small gnats of a green colour: crushed on 
paper, they make a green stain, which is permanent. Neither 
muriatic acid nor carbonate of soda altered this green colour. 
It is consequently of a different nature from the foregoing. 
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VII. Account of experiments made on the strength of materials. 
By George Rennie, jun. Esq. In a Letter to Thomas 
Young, M. D. For. Sec. R. S. 

Read February xsth, 1818. 

DEAR SIR, London, June 3, 1817. 

In presenting, you the result of the following experiments, 

I trust I shall not be considered as deviating from my subject, 
in taking a cursory view of the labours of others. The 
knowledge of the properties of bodies which come more 
immediately under our observation, is so instrumental to^the 
progress of science, that any approximation to it deserves our 
serious attention. The passage over a deep and rapid river, 
the construction of a great and noble edifice, or the combina- 
tion of a more complicated piece of mechanism, are arts so 
, peculiarly subservient to the application of these principles, 
that we cannot be said to proceed with safety and certainty, 
until we have assigned their just limits. The vague results, 
on which the more refined calculations of many of the most 
eittinnnt writers are founded, have given rise to such a multi- 
plicity; of contradictory conclusions, that it is difficult to 
choose, or distinguish, the real from that which is merely 
' sj^^us.; ; Tlie; so distant, that^ 

':them -The Royal Society 
;';Mj^^pf|^;J,|:k^;|n^lnted^;.at^an' ,,early period,, some .experi*. 
3 ,;have .recorded ;'little'''to :aid us. 

laid down anumber of rules, 
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and approximations. Professor Robison in his excellent 
treatise in the Encyclopaedia Britannica ; Banks on the power 
of machines ; Dr, Anderson of Glasgow ; Colonel Beaufoy, 
&c. are those, amongst our countrymen, who have given the 
result of their experiments on wood, and iron. The subject, 
however, appears to have excited considerable attention on 
the continent. A theory was published in the year 1638, by 
Galileo, on the resistance of solids, and subsequently, by 
many other philosophers. But however plausible these inves- 
tigations appeared, they were more theoretical than practical, 
as will be seen in the sequel. It is only by deriving a theory 
from careful and well directed experiments, that practical 
results can be obtained. It would be useless to enumerate 
the labours of those philosophers, who in following, or vary- 
ing from the steps of Galileo, have merely tended to obscure 
a subject respecting which they had no data to proceed upon. 
It is sufficient to enumerate the names of those who, in con- 
junction with our own countrymen, have added their labours 
to the little knowledge we possess. The experiments of 
Buffon, recorded in the Annals of the Academy of Sciences 
at Paris, in the years 1740 and 174,1, were on a scale' suffici- 
ently large to justify every conclusion, had he not omitted to 
ascertahi; the direct and absolute strength of the timber em- 
ployed, 1 It however appeared from his experiments, that the 
stfengfh, of the ligneous fibre is nearly in proportion to the^ 
specific gravity,' Muschenbroeck, whose accuracy {it is said): 
entitled him to confidence, made a number of experiments on 
wood and Jixm, which by being tried on various specirn^s 
ith^some mamri^s/ aftaa^n ^^resiilt corisiderabiy; 

higher titan other previous, authorities; Experiments have 
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^Iso raade fey Mar^o'^te, Vari^non, PerBsONET, Ramijs, 
Ro.ndelet, Gatjthey, Navkr, Aubry and Texier de. Nor- 
BROK, as also at the i;cole PolytechiRCjue, under the direction 
of M. Peony. With such authorities before us, it might be 
deemed presumption in me* to offer you a communication on 
a subject which, had b.eon previously treated of by so many 
able men. But whoever has had occasion to investigate the 
principles upon which any edifice is constructed, where the 
combination of its parts are more the result of uncertain rules 
than sound principle, will soon find how scanty is our know- 
ledge on a subject so highly important. The desire of 
obtaimng some approximation, which could only be accom- 
plished by repeated trials on the substances themselves, in- 
duced me to undertake the following experiments ; for which 
purpose I ordered an. apparatus to be prepared;, of which the 
two. annexed plates £PlatesA?I, and are representations. 

l^escription of the Apparatus. 

A bar of the best English iron, about lo feet long, was 
selected and formed into a lever ( whose, fulcrum is denoted 
% /)• The hole was accurately bored, and the pin turned, 
which suffer^ it to move freely. The standard (A) was 
firmly secured by the nut (c} to a strong bed plate of cast 
inaa, made firm to the groiimd. The lever was accurately 
its lower ed^, which was: made straight in a line 
A rtefint.ics'ldivisiba (El), was selected # 
which was let .id » piece 
' Was balanced hy 
r was? Bm > 

.ia'bWlwf:''tb'.;l5i^,ii>'d&leyeIiRs:.p6ssible^;'a'''hole'’ was- dril^d 
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through a projection on the bed plate, large enough to admit 
a stout bolt easily through it, which again was prevented from 
turning in the hole by means of a tongue (^) fitting into a 
corresponding groove in the hole. So that, in order to pre- 
serve the level, we had only to move the nut to elevate, or 
depress the bolt, according to the size of the specimen. But 
as an inequality of pressure would still arise from the nature 
of the apparatus, the body to be examined was placed between 
two pieces of steel, the pressure being communicated through 
the medium of two pieces of thick leather above, and below 
the steel pieces, by which means a more equal contact of . 
surfaces was attained. The scale was hung on a loop of 
iron, touching the lever in an edge only. I at first used a 
rope for the balance weight, which indicated a friction of 
four pounds, but a chain diminished the friction one half. 
Every moveable centre was well oiled. Of the resistances 
opposed to the simple strains which may disturb the quiescent 
state of a body^ the principal are the, repulsive force, whereby 
it resists cpihpression, and the force of cohesion, whereby it 
resists extension. On the, former, with the exception of the 
experiments of Gauthey and Rondelet, on stones, and a few 
others, on soft substances, there is scarcely any thing on 
r'ecord, In the memoir of M. Lagrange, on the force of 
springsi published in the year 1760, the moment of elasticity 
is represented by a constant quantity, without indicating the 
relation of this value to the size of the spring : but, in the 
memoir of^ the year 177b, on the forms of columns, where 
ihe ajnsidOTs, a dimensions and thickness are 

yariablii he makes thu moment of elasticity proper ticmal to 
;:.-,,'kbcccxvni. ;v ■' 'R' 
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the fourth power of the radius, in observing the relations of 
theory and practice to accord with each other. This was 
admitted by Euler in his memoir of 1780, in his elaborate 
investigation of the forms of columns. Mr. Coulomb had 
however shown before that time, how inapplicable all these 
calculations were to columns under common circumstances ; 
and you, Sir, have repeated the observation in your lectures 
on natural philosophy. The results of experiments have also 
been equally discordant; since it is deduced from those of 
Reynolds, that the power required to crush a cubic quarter 
of an inch of cast iron, is 448ooolbs. avoirdupoise, or 200 tons ; 
whereas by the average of thirteen experiments made by me 
on cubes of the same size, the amount never exceeded 
io592.5«tlbs, not quite five tons.* This may be seen by 
referring to the tables. There were four kinds of iron used, 
viz. 1st. iron taken from the centre of a large block, whose 
crystals were similar in appearance and magnitude to those 
evinced in the fracture of what is usually termed gun metal, 
andly. Iron taken from a small casting, close grained, and of a 
dull grey colour, srdly. Iron cast horizontally in bars of -|th 
inches square, 8 inches long. 4thly. Iron cast vertically, same 
size as last. These castings were reduced equally on every 
side to ^ of an inch square : thus removing the hard external 
coat usually surrounding metal castings. They were all 
subjected to a gauge. The bars were then presumed to be 

♦ It is, probable that Mr. RaysoLOs made his ^perimenrs on metal cast at the 
; Iutnace,bf; Paidlcy which is of a very strong and superior quality i but this 
been but of little importance compared- to the ; great disptoi*. 
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tolerably uniform. The weights used were of the best kind 
that could be procured, and as the experiment advanced, 
smaller weights were used. 


Experiments on cast iron in cubes of ^ of an inch, &c. 
Iron taken from the block whose specific gravity was 7,033. 


Averages. 


1439- 


ri I 
I 

lixi 


lbs. avoirdupoise. 

- 1454 

14,16 

H4i9 


On specimens of different lengths. Specific gravity of 

iron 6,977. 


2116 


fi X 

I X 


ri X f slipped with i863lbs. filed flat, and 
1 crushed with 


Ixfditto, 
1758-5 ^ I X I ditto, 
i X f ditto, 

I i X I- ditto, 
If X I ditto, 


1495> ditto 


1922 

2310 

2363 

2003 

1407 
1743 
1594 
- 1439 


April 23<^, 1817. Experiments on cubes of ^ of an inch taken 

from the block 

10561 - 

959^ 

■9917 

X f - - - 9020 
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Castings, Horimtal. Specific gravity 7 -m- 

® lbs. avoirdupoisc. 


Averages. 


? t 
i X i 




^ a" 


Vertical castings. Specific gravity 7.074. 
X I bottom of vertical bar 


i X i 


10433 

■10720 

10605 

8699 


12665 

10950 

11088 

9844 

11006 


1113675^.^" I - “ 

* ^ X i full size. Scale broke with 10294.; 
tried again - “ 

A prism, having a logarithmic curve for its limits, resem- 
bling a column ; it was J of an inch diameter by one me 
long, broke with - - - 954 

April 3&lh. Trials cm prisms of different leiiphs. 
i X f horizontal 

I xi ditto * " 

^ X I ditto, bad trial, 9606 lbs. 

ffxi vertical - 
i ditto - 


94H«5( 


9455 

9374 

9938 

- 100S7 
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April 9,Qth. 

Averages. 



or one inch long 


lbs. avoirdupoise. 

9006 
8845 
836a 
6430 
- 6331 


Vertical castings. 


i X f 

93 ®S 

i X I 

8385 

|r X 1 a small defect in the specimen 

- 7896 

5 " X ■§■ - - — - 

7018 

^ X I- or one inch 

- 6430 


Experiments on different metals. 

X ^ cast copper, crumbled with - - 73,18 

^ X fine yellow brass reduced with 3213. •§■ with 10304 
i X i wrought copper, - ^ 3437. 6440 

^ X cast tin, - tV 552. f 966 

1. X i cast lead, - - . i ^83 

The anomaly between the three first experiments on 
cubes, and the two second of a different length, can only be 
accounted for, on the difficulty of reducing such small speci- 
mens to an equality. The experiments on inch prisms of 
different lengths give no ratio. The experiments on ^ inch 
cubes, taking an average of the three first in each, give a' 
proportion between them and the three on f cubes, 
as 1 1 6.096 in the block castings 
as 1: 7.352 in the horizontal ditto 
as i ; 8.035 iti the vertical ditto 
in several cases the proportion is as the cubes. 

The vertical cube cas^ stronger than the horizontal 

■cube..easfings.' .• 
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The prisms usually assumed a curve similar to a curve of 
the third order, previous to breaking. 

The experiments on the different metals, give no satisfac- 
tory results. The difficulty consists in assigning a value to 
the different degrees of diminution. When compressed be-, 
yond a certain thickness, the resistance becomes enormous. 

Experiments on the suspension of bars. 

The lever was used as in the former case, but the metals 
were held by nippers, as indicated in the drawing No. s. 
They were made of wrought iron, and their ends adapted to 
receive the bars, which, by being tapered at both extremities, 
and increasing in diameter from the actual section ( if I may 
so express it), and the jaws of the nippers being confined by 
a hoop, confined both. The bars, which were six inches 
long, and ^ square, were thus fairly and firmly grasped. 

April QOthjiSi'/. 

lbs. 

No. 45 !• inch, cast iron bar, horizontal - 
46 1 do. do. vertical - 

47 ^ do, cast steel previously tilted - 8391 
481 do. blister steel, reduced per hammer 8s3s 

49 f do. shear steel, do. do. - 7977 

50 ^ do. Swedish iron, do. do. - 4504 

51 f do. English iron, do. do. - 349a 

• 5* i do. hard gun metal, mean of two trials 3373 

copper reduced per 

/ ; aija. 
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No. 55 i do. fine yellow brass 

56 ^ do. cast tin 

57 i do. cast lead 

Remarks on the last experiments. 

The ratio of the repulsion of the horizontal cast cubes to 
the cohesion of horizontal cast bars, is 8.65 : 1. 

The ratio of the vertical cast cubes to the cohesion of the 
vertical cast bars, is as 9.14 : 1. 

The average of the bars, compared with the cube, No. 16, 
is as 10.61 1 : 1. 

The other metals decrease in strength, from cast steel to 
cast lead. 

The stretching of all the wrought bars indicated heat. 

The fracture of the cast bars was attended with very little 
diminution of .section, scarcely sensible. 

The experiment made by M. Prony, (which asserts, that 
by making a slight incision with the file, the resistance is 
diminished one half) was tried on a ^ inch bar of English 
iron ; the result was agaolbs., not a sixth part less. 

This single experiment, however, does not sufficiently 
disprove the authority of that able philosopher, for an incision 
is but a vague term. The incision I made might he about 
the 40th part of an inch. 

Experiments on the twist qf^ inch bars. 

To effect the operation of twisting off a bar, another appa- 
ratus'was prepared,: it consisted of a wrought iron lever two 
feet long, having ah arched head about ^ of a circle, of 4 feet 
diameti^r, of winch the lever represented the radius^ the 
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1123 
- 296 

114 
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centre round which it moved had a square hole made to 
receive the end of the bar to be twisted. The lever was 
balanced as before, and a scale hung on the arched head ; 
the other end of the bar being fixed in a square hole in a 
piece of iron, and that again in a vice. The undermentioned 
weights represent the quantity of weight put into the scale. 

May 30//?, 1817. 

On twists close to the bearing, cast horizontal. 

No. lbs. oz. 

58 in bars, twisted as under with 10 14, in the scale. 

59 i- do. bad casting - - 8 4 

60 do. - - - 10 11 

average 9 15 

Cast vertical. 

• “ 10 8 

10 13 

- - 10 11 


10 10 

On dilfcrcnl metals. 

64 Cast steel - - 1 7 9 

65 Shear steel - - 17 1 

66 Blister steel - - 16 11 

67 English iron, wrought - 10 2 

68 Swedish iron, wrought - - 9 8 

69 Hard gun metal - 50 

70 Fine yellow brass - 411 

71 Copper, cast - - 4 .5 

7a Tin - - 17 

73 I^ead « • -10 


61 -4: 
6a f 

i 
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On twists of (Afferent lengths. 


No. Horizontal. 

Weight in scale. 

74 i by i long 

7 3 

75 T by i do. 

8 1 

76 by 1 inch do. 

00 

00 

Vertical. 


77 by f do. 

10 1 

78 T by i do. 

1 

00 

79 1: by 1 inch do. 

8 5 


Horizontal twists at 6 from the bearing. 

80 ^ by 6 inches long - - 10 9 

81 i by do. do. - - -94 

82 ^ by do. do. - - - 9 7 

Twists of A inch square bars, cast horizontally. 

qrs. lbs. oz. 

83 § close to the bearing 3 9 le end of the bar hard. 

84 !■ do. - - s 18 o middle of the bar. 

85 i at 10 inches from bearing, 1 ^ o 

lever in the middle J 

On twists of different materials. 

These experiments were made close to the bearing, and 
the weights were accumulated in the scale until the sub- 
stances were Wrenched asunder. 

86 Cast steel - - - 19 9 

87 Shear steel - - - 17 1 

88 SKster steel - - - 16 11^ 

89 -Ertgiish iron^^ - - ; 10. jt : : 

';;-"MCcccxym. , 
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No. 


Weight in scale. 

90 

Swedish iron 

00 

f 

1 

f 

91 

Hard gun metal 

- 5 0 

9» 

Fine yellow brass 

rH 

I 

1 

93 

Copper 

*0 

! 

1 

1 

94 

Tin 

1 7 

95 

Lead 

- - - 10 

Remarks. 


Here the strength of the vertical bars still predominates. 
The average of the two taken conjointly, and compared 
with a similar case of ^ inch bars, gives the ratio as the cubes, 
as was anticipated. 

In the horizontal castings of different lengths, the balance 
is in favour of the increased lengths ; but in the vertical cast- 
ings, it is the reverse. In neither is there any apparent ratio. 
In the horizontal castings at 6 inches from the bearing, there 
is a visible increase, but not so great as when close to the 
bearing. 

June ^th, 1817. Miscellaneous experiments on the crush of one 

cuUc inch. 

No. lbs. avoirdupoiso. 

96 !Elm - * » - isS^ji 

97 American pine - - - t6o6 

98 White deal - - igaS 

99 English oak, mean of two trials - 3860 

loo Ditto, Of $ inches long, slipped with - 257* 

lot Ditto, of 4 inches do. - - 5147 

l 09 ^ A pnsni.Q^ - ,805. 

\ gaiS", 

104' ,86188. 
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In the following experiments on stones, the pressure was 
communicated through a kind of pyramid, the base of which 
rested on the hide leather, and that, on the stone. The lever 
pressed upon the apex of the pyramid. Cubes of one and a 
half inch. 

specific gravity, lbs. avoirdu. 

105 Chalk > _ _ _ 1137 

106 Brick of a pale red colour - a.085 1365 

107 Roe stone, Gloucestershire - - 14>4)9 

108 Red brick, mean of two trials - a, 168 1817 

109 Yellow face baked Hammersmith paviors 3 times 3354, 


110 Burnt do. mean of two trials 

- 

3243 

Hi Stourbridge or fire brick 


3864 

113 Derby grit, a red friable sand stone 

2.S16 

7070 

113 Ditto, from another quarry 

3.438 

977 ^ 

114 Killaly white freestone, not stratified 

a.433 

10264 

115 Portland 

3 . 438 

10284 

116 Craig Leith, white freestone 

3.453 

13346 

June 5th, 6th, and *]th, 1817. 


117 Yorkshire paving with the strata 

S.507 

1^856 

1 18 Ditto, do. against the strata 

3.507 

12856 

11 g White statuary marble not veined 

130 Bramley Fall sand stone, near Leeds, 

3.760 

13633 

: with strata - 

3.506 

13633 

131 Ditto, against the strata 

3 . 506 

13633 

133 Cornish granite - 

3.663 

143<32 

133 Dundee sand stone or Brescia, two 


'/'kinds ' ^ 

2.530 

149 i 8' 

13 ^ A two inch cube of Portland 

3.433 

i 491<8. 
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No. 


135 Craig Leith with the strata 
is6 Devonshire red marble, variegated 
127 Compact limestone 
1 s8 Peterhead granite hard close grained 
isg Black compact limestone, Limerick 

130 Purbeck 

131 Black Brabant marble 

132 Very hard freestone 

133 White Italian veined marble 
134, Aberdeen granite, blue kind 


specific gravity. 

2.453 


- . 3.584 


2.598 

3-599 

*.697 

S.528 

3.726 

2.635 


lbs. avoir. 

15560 

16713 

17354 

18636 

19934 

30610 

S0743 

21354 

31783 

34556 


N. B, The specific gravities were taken with a delicate 
balance, made by Creighton of Glasgow, all with the ex- 
ception of two specimens which were by accident omitted. 


Remarks. 

In observing the results presented by the preceding table, 
it will be seen that little dependence can be placed on the 
specific gravities of stones, so far as regards their repulsive 
powers, although the increase is certainly in favour of their 
specific gravities. But there would appear to be some unde- 
fined law in the connection of bodies, with which the specific 
gravity has little to do. Thus, statuary marble has a specific 
gravity above Aberdeen granite, yet a repulsive power not 
much above half the latter. Again, hardness is not altoge- 
ther a characteristic of strength, inasmuch as the limestones, 
whiph yield readily to the scratch, have nevertheless a repul- 
: sive appfoachmg to gra^^ 

; of amorphous stones, that 

; pyrai^ds having fbr their base the upper side of 

; the cuhe hext tie lever# the action of which displaces the 
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sides of the cubes, precisely as if a wedge had operated 
between them. I have preserved a number of the specimens, 
the sides of which, if continued, might cut the cubes in the 
direction of their diagonals. 

Experiments made on the transverse strain of cast harSy the ends 



loose. June Sth, 1817. 





Weight of the Dist. of bearings lbs. 

K«ai*e !Kc /N'T* fir Qvr/xit* 

135 Bar of 1 inch square - 10 

3 

0 

n wit • 

897 

136 1 

’ Do. of 1 inch, do. - 98 

2 

8 

1086 

137 1 

. half the above bar 

1 

4 

2330 


j’Bar of 1 inch square. 




130 j 

: through the diagonal - s 8 

Q 

8 

831 

139 

[_Half the above bar 

t 

4 

1587 

140 1 

[ Bar of 2 in. deep, by ■§• inch thick 9 5 


8 

3185 

141 1 

i Half the above bar 

1 

4 

00 

0 

iC 

143 1 

rBar 3 in. deep, by f inch thick 9 ig 

2 

8 

3588 

H 3 ' 

[Half the bar - - _ 

1 

4 

6834 

144 Bar 4^ inches, by x inch tWck - 9 7 

2 

8 

8979 

145 Equilateral triangles with the angle up and down. 


14® 

fEdge or angle up - 911 

2 

8 

1437 

H7 ^ 

j angle down - 9 7 

2 

8 

840 

148 

j Half the first bar - 

1 

4 

3059 

149 

[^Half the second bar - 

- 1 

4 



1^0 A feather-edged or X bar was cast whose dimensions were 
131 inches deep by 2 wide 10 oedgeups 8 3105 
15a iHalf of ditto . 

N. B. All these bars contained the same area, though dif- 
ferently distributed a^s to their forms. 
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Experiments made on the bar of 4 mches deep by \ inch thick, by 
giving it different forms , the bearings at stfeet 8 inches, as before. 


lbs. lbs. 

153 Bar formed into a semi-ellipse, weighed 7 4000 

154 Ditto, parabolic on its lower edge - 3860 

Ditto, of 4 inches deep by inches thick - 2979 


Experiments ofi the transverse strain of bars, one end made fast, 
the weight being suspended at the other, at 2 feet 8 inches from 
the bearing. 

153 An inch square bar bore - - 280 

156 A bar a inches deep, by i an inch th'kk - ,539 

157 An inch bar, the ends made fast - - 1173 

The paradoxical experiment of Emerson was tried, which 
states that by cutting off' a portion of an equilateral triangle 
(see page 114 of Emerson’s Mechanics) the bar is .stronger 
than before, that is, a part stronger than the whole. The ends 
were loose at 2 feet 8 inches apart as before. The edge from 
which the part was intercepted, was lowermost, the weight 
was applied on the base above, it broke with 1129 lbs.,, 
whereas, in the other case it bore only 84olb.s., 

Remarks on the transverse strain. 

Banks makes his bar from the cupola, when placed on 
beitrings 3 feet asunder, and the ends loose, to bear 86'4lbs 
Now all my bars were Cast from the cupola, the difference 
was 'therefore - - - 33 ibs. 

1 adopted a space of s feet 8 inches asunder, as being more 
eon^enlanifqt The strength of the different 

bars? all liein same, approaches nearly to the.- 
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theory, which makes the comparative values as the breadths 
multiplied into the squares of the depths. The halves of the 
bars were tried, merely to keep up the analogy. The bar of 
4 inches deep, however, falls short of theory by 365 lbs. It 
is evident we cannot extend the system of deepening the bar 
much farther, nor does the theory exactly maintain in the 
case of the equilateral triangle by - - s43lbs. 

The diagonal position of the square bar, is actually worse 
than when laid on its side, contrary to many assertions. 

The same quantity of metal in the feather edged bar, was 
not so strong as in the 4 inch bar. 

The semi-elliptical bar, exceeded the 4 inch bar, although 
taken out of it. The parabolic bar came near it. 

The bar made fast at both ends, I suspect must have 
yielded, although the ends were made fast by iron straps. 
The experiments from Emerson, on solids of different forms 
might be made ; but the time and trouble these experiments 
have already cost, have compelled me to relinquish far- 
ther pursuits for the present. If, however, in the absence of 
better, they are worthy of the indulgence of the Royal Society, 
it will not only be a consolation to me that my labours merit 
their attention, but a farther inducement to prosecute the 
investigation of useful facts, which, even in the present ad- 
vanced state of knowledge, will yet admit of addition. 

I am, with much respect, 

GEORGE RENNIE. 

Since my returh to England, I find that a set of experi- 
ipeats have been undertaken by Mr. Peter Barlow, of the 
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Royal Military Academy. They are very interesting, but 
contain no experiments on the repulsive power of bodies, and 
consequently, my communication is not altogether super- 
seded, although a space of seven months has elapsed since 
this was written. G. R. 


London, Dec. «8, 1817. 
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VIII. On tlu office of the heart wood of trees. By T. A. Kiiight, 
Esq. F. R. S, In a Letter addressed to the Rt. Hon. Sir 
Joseph Banks, Bart. G. C. B. P. R. S. 

Read February 5, 1818. 

MY DEAR SIR, 

Trees of every species, that afford timber, live many years 
before any portion of their alburnum becomes converted into 
heart wood; and vegetation proceeds with as much vigour 
previously to the existence of that substance, as subsequently.- 
In the oak it is rarely seen till the seedling tree becomes 
nearly twenty years old ; when it is readily distinguishable 
from the alburnum by a deeper colour, higher specific gra- 
vity, and greater hardness. The tubes also, which extend 
throbgh the tree longitudihally, and are a|ways open in the 
alburnum, so as freely to peirrnit the passage of air or water, 
are closed in the heart wood ; and the cellular spbstance of it 
has appeared, in every experiment that has pome 'under ,m^ 
observation, to be incapable of conveying the ascending fluid* 
It dpPs not, therefore appear to execute any very important 
di^; ih the ye ecottomy i farther than that it obyi- 

phsly [gives^raa F remarked in a fom®y <^mhiwni^^ 

much and branches, when 

from; thp'; 
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Pieces of the external, or last formed layer of the albur- 
num, and of the heart wood, were taken from the trunk (near 
the ground) of an oak of forty years old, and of very vigo- 
rous growth, in the first week of December. These were 
slowly dried in a temperature not exceeding at any time a 
hundred and twenty degrees; under which circumstances 
1000 parts of the alburnum lost 469 parts, and an equal 
quantity of the heart wood 500 parts, or precisely half its 
weight. Upon the S4th of April, similar pieces of the albur- 
num and heart wood were taken from the same tree, and 
dried in the same manner ; when 1000 parts of the alburnum 
lost in drying 532 parts, and an equal quantity of the heart 
wood 507 parts. 

The alburnum and heart wood of a poplar tree of about 
80 years old were subjected to similar management in 
December; when 1000 grains of the alburnous substance 
lost 5^5 grains, and an equal quantity of the heart wood 626 
grains. On the first of March, 1000 grains of alburnum 
being taken from a tree of similar age and habit with the 
preceding, lost in drying 557 grains; and the same quantity 
of heart )vood 684 grains. Not only the cellular substance 
of the heart wood, but the tubes also, which are usually quite 
empty in the alburnum, were perfectly filled ; so that the 
heart wood of the' poplar exhibited nearly the semi»transpa- 
rency of horn ; and in subsequent experience I have found 
nehrly the* same quantity of water in every 

years 'ago 
trees in 
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the spring. But he conceived it to be merely the fluid, which 
was ascending from the earth, at that period ; and he con- 
cluded from subsequent observation and experiment, in the 
same season of the year, and in the summer, that the sap of 
trees chiefly passes up in the vicinity of their medulla, 
through their heart wood. 

M. Coulomb’s statements are, I entertain no doubt, per- 
fectly correct ; but the inferences which he, and other conti' 
nental naturalists have drawn from the facts which he has 
stated, are, I suspect, erroneous. For I have stated in a 
former communicationj that when I intersected the alburnum 
of an oak tree in winter, no symptoms of life appeared above 
such intersection in the ensuing spring. A similar experi- 
ment being repeated in the end of June, appeared instantly to 
intercept the whole of the ascending current, and the leaves 
of a tree, of which the heart wood remained entire, faded 
more rapidly than those of another tree of the same species, 
which was felled at the same period, and lay upon the 
ground. In the spring of also, upon the 1st of March, 
the season of M. Coulomb's experiments, I intersected the 
alburnum of a poplar tree, 1000 parts of which I have stated 
to have contained 684 parts water, and an equal quantity of 
its alburnum 557 parts: yet this tree, notwithstanding the 
immense quantity of water (probably little less than a ton) 
whichjt contained, exhibited very feeble signs of life in the 
following month, though the 'weather continued excessively 
wet; and before Midsummer it was perfectly lifeless. The 
elongated cellular, or (as it is usually called) the fibrous 
texture p( the. alburnum j through which the sap is now, ! 
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believe, very generally supposed to ascend, appeared to have 
become impervious upon the conversion of alburnum into 
heart wood; whilst the lateral or convergent cellular pro- 
cesses remained open to permit the ingress of the moving 
fluid, without which the heart wood could not probably long 
retain life. 

I must therefore reject the hypothesis which assumes the 
ascent of the sap through the heart wood, and must believe 
that the fluid, which affords the organizable matter that is 
annually deposited in the conversion of alburnum into heart 
wood, and which subsequently gives greater solidity and 
strength to that substance, is derived from the bark ; and 
that it passes inwards during the latter part of the summer 
and autumn, through the convergent cellular ( or medullary) 
processes, to return in part through the same passages when 
a new layer of bark is to be formed in the spring. Under 
such circumstances the operation of the heart wood, when it 
exists in large quantity comparatively with the bark and 
foliage, as in sound pollard oak trees, must tend to check 
and diminish, rather than to promote, growth ; and amongst 
trees of this description I have often been able readily to 
select such as were sound by the slowness of the growth of 
their branches comparatively with those of other trees of 
apparently the same age, which were become hollow. 

'Whether the heart wood of oak trees, which are deprived 
Jolpeir bark the spring, and suffer^ to remain standing 
winter, recover the whole, or a part of !the 
is -supposed" to ■•lose): in the 
^ - 4'faw 'experiments'. 
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which I have made, lead me to think it probable, that both 
the alburnum and heart wood become improved in quaBty 
under such circumstances ; but I am not at present in pos- 
session of such facts as can enable me to give any decisive 
opinion. 

I am, my dear Sir, with great regard, 
sincerely yours, 

T. A. Knight. 


Downton, Dec. 24th, 1817. 
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IX. On circulating functions j and on tJic integration of a class of 
equations of finite differences into zvkich they enter as coeffi- 
cients. By John F. W. Herschel, Esq. F. R. S. 

Read February 19, 1818- 

(1). So much has been written on the subject of recurring 
series, and the equations of differences from which they arise, 
that we can now expect little more to be added to their theory. 
This is not the case with the class of series, and their corres- 
ponding equations I propose to consider in the following 
pages, which bear a great analogy to the otlK'r, and include 
them as a particular case ; I mean, series in which the same 
relation between a certain number of successive terms recur.s 
periodically ; the terms so related being separated by otlier.s 
connected by relations similar in their general analytical 
form, hut modified by a variation in the constant or variable 
coefficients which enter into the equations expressing tfiem. 
Such series have, I believe, never yet been considered as a 
class; particular cases have very frequently occurred in tlie 
course of analytical investigations, and have then been treated 
by peculiar considerations of such a description as to give a 
yei^ uninviting air to their theory, but no general view has 
hitherto been taken of their nature, arid no uniform train of 
malyilPEtl artifipes been exposed by who^^ aid they may be 
; modes of treatment as those of the 

Quantities: , 
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produced from one another by the following regular law* 

2 /q *— Uqj atiQi '' ^^13 

It-is evident then that, were the coefficients a, b, equal, the 
series would be a recurring one of the simplest kind, viz. a 
geometric progression, and might be represented by a single 
equation of differences of the first order 

If this, however, be not the case, the series will consist of two 
distinct geometric progressions, the terms of which alternate 
with one another, thus 

uz=zu^ = cihu^ &c. 

u, = au^ =sa^bu^ u^=z &c. 

It would seem then that no single equation of differences of 
the first order could comprehend all the terms of this series, 
so as to pass uninterruptedly, from one to the other ; and 
were this really the case, the method which has hitherto been 
always followed, of actually resolving it into the distinct 
series of which it consists, and instituting a. separa# process 
for the odd and the even values of x, so as to get the two 
equations of differences 

^2* + 1 ^ • ^ajc > und ^ 2 ss h , * 

would be the only course we could pursue. That this, how- 
ever, is not the case, at least in the instance before us, is 
evident, if We t»nsider that both these equations are included 
in the equafion pf the second order, 

the first int%ral of" which will be an equation of the first 
•(^er/comprehi^dffig t^ the series, provided 

constant be properly by equation 

.■■■MDcccxviir..\ ^ UV'', 
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At all events however several inconveniences embarrass this 
method. It is entirely at variance with the uniformity which 
ought to reign throughout all analytical operations, thus to 
descend into arithmetical details in the outset of symbolic 
investigation, and to vary our processes according to the 
numerical form of the quantities concerned. If we would 
avoid this by having recourse to an equation of a higher 
order including all the separate cases, we are required either 
to seize at once, by an undirected effort of intellect, on the 
relation which connects the terms periodically equidistant, or 
to go through some preparatory process to discover it, which 
for the most part will be found very troublesome. More- 
over, it demands the actual formation of certain terms to 
determine the constants, which are not (as will hereafter 
appear) necessary. It is true that in the very simple case I 
have just stated, these ittcottveniences, though really existing, 
are not felt. If we take one a little more complicated, they 
will spujdily form a prominent part of the difficulty. Suppose 
the law of formation of the terms of a series were, for instance, 
as follows : 

^31 2S2SS aU^ ^^2 — f— 0 ^ 

5S.S5 ^ CU^ ..j^ > 3tc. 

it would he necessary to divide the whole investigation into 
six eases, and to integrate several equations of differeirces, 

;:|:ah'.^i;after;;;‘ail.,:,i^be,,^ series, would' not'' be 

I^e :;seyeriil' /general , terms of rix'/, other 

-the qther^.fbrra 

; in fact, much the 'same.': way 
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of proceeding as it would be to consider the series of natural 
numbers as consisting of several other arithmetical progres- 
sions such as 

1 . . 4 . . 7 . . 10 . . 13 . &c. 
a. .5. .8. .11. . 14- Src. 

3 . . 6 . . 9 . . la . . 15, &c. 

the general terms of which are respectively 3a? — a, 3a? — 1, 
Qx, united into one, the general term of which is a?. 

It is interesting then to discover some analytical artifice 
which shall obviate these inconveniences, by comprehending 
the whole extent of these and similar series in one single 
equation, whose order shall be no higher than is absolutely 
indispensible ; which shall require no preparatory investiga- 
tion to obtain it ; nor the actual calculation of any superfluous 
terms for the determination of the constants in its integral ; 
and, finally, whose integration shall lead to an expression in 
functions of the index x, such that the substitution of the 
natural progression of numbers in succession for x shall pro- 
duce all the terms of the series in their order. Such an 
artifice, or train of artifices, I shall now proceed to explain. 
They turn upon a theorem familiar to every algebraist, but 
which does not seem to have been yet applied to all the uses 
of which it is susceptible. 

(3). Let us then represent by the function 
^ “1“ &c. 

V) &c* beirig the sCT^ rootsdf the equation a?’*— lass o. 
If we have occasion to^^ other functions similarly com- 
posed of the roots of other ^usdidns 2#— 1 =sc>, — 1 =0, &c, 

they^inthertfdreberepn^i^tedas^ ' ;i 
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s(a 


tx, 


IX 


+ i3'^4- &c. 




&c 


&c. 


X p q 

but when only one quantity ft is under consideration, we shall, 
for convenience, omit the superior index («) and write the 
function thus 

+ See. 


Let us also denote by the function 


a. 


gW 4. h . + 


Jn) 


C«) 




omitting, in like manner, the superior ipdex {n) and writing 
it when only one quantity n is considered. Here we sup- 
pose &c. to represent any given functions of x and 

constant quantities. The functions and P, are possessed 
then of the following properties. 

(4). S, is unity whenever ar is a multiple of n : in all other 
cases, *= 0- This is a well known property of the roots 
of unity. Hence, some one of the functions 

SflO 8j! W. • • • • • I 

is necessarily unity, the rest being all zero, though when the 
numerical form of a? is not specified, it is undecided which 
that one may be. Hence too it follows, that when x is a 
multiple of », P^jp or 

reduces itself to ; when x — i is a multiple of to b 
: wh^^ ff^^and so bn. Thus in all 

';V;' 'Itself .;tO' a /single' termj;-the'.; 





„ . ... .,p 
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X, X — 1, a? — a, .... . /!? — M -jr t 
is necessarily a multiple of n. 

If the coefficients a^, b^, &c. be all constant, or if 

and we give to a? the several values o, i , a, 3, 4,, &c. to 

infinity, in succession, the first n values ofP^ will be in their 

order , , 

a,o,c, k 

after which the same set of quantities will be reproduced in 
the same order by continuing the substitution, and so on to 
infinity. The function may be called in this case a circu~ 
lating function, and the same name ( with less propriety how- 
ever) may be extended to the case when the coefficients are 
variable. The system of coefficients a, b, c, k may 
be called a period. Hence if the terms of a series be in rota- 
tion, a, h, c,. .. k, a, b, &c. the general term will be truly 
represented by P^, or a -j- 6 n + i > 

they coincide in rotation with the values of n functions 
b^, See. thus ; 

^o* • • • K—V ^ti> ^n+1* 

the general terra will be 

2 . S “h b . S , — j— . . . m k t S„ -t t , 

(5). Any function, however complicated, of a?, S^p, . . . . 
S . . is reducible to the form P. 

be the proposed function. If then re be 6# the form or a 
multiple of n, we^ bave =s: 1, and the rbat zero, therefore 

iiathisease-'’ .'f \ ^ '.s-;''' 
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If X be of the form + 1 , or if x — i be a multiple of n, 
we have in like manner 

0, 1, 0, . . . . ol 


and so on. If then we take 

a;, 

= 1,0,. ...0 I 

0 , 0 , 0 ,... 1 } 

the whole series of values of ip[x) will coincide, term by 
term, to infinity, with the corresponding values of 

= + + i 

and therefore ?(x) s= P^, integer values of x only being 
considered. 

For example, 

a^xss. 4" S • ■— 14* « * • • • ^ , » 

. =sa,.a',.S, + ; 


{a.s.+J.s^,+...i.s,_,^.}*=^”,s,+ r. s,_, + . . . r.s, 




It should be remarked, that any number of the coefficients 
> ft* » &C. may be zero, without infringing on the truth of 
this or the following proj^sitions. 

: (6). Every symmteal function of .... 

,:;is;irtyariable.,;'':; 

' fu9cti^^;bf' 

•;-v‘ i^,|,«i%.;|in;tfee.''mannerpr^^ 
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by Mr. Babbage in the Philosophical Transactions for 18 16) 
and let us consider the symmetrical function 



Then, by the nature of the roots of unity as demonstrated in 
most treatises on algebra, we have 

= s,_„ ^ , = &c. and so on. 
If then X be changed to the above function will become 

/ #+i > « + 2} 

that is, by the nature of symmetrical functions, (the order in 
which the elements are operated on making no difference in 
their form) 

/ { 1> ^x-« + 2>®x— n + i} 

the same as before. The function therefore remains unal’ 
tered, while x changes to a? 1, and is therefore invariable. 
Hence we have in general 

. 0} 

This proposition may be extended to any number of func- 
tions of the form &c. and to functions symmetrical 

in different senses relative to each set of them : thus we have 

the accents polntiflg but the different kinds; of symmetry ob- 
. served in the compointion of the function relative to its several 

'eletnents^^-;'' ' 'y.- - ' ■ , 


&c. 
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(7). If P. denote any circulating function with constant 
coefficients, as 


^ S + ^ + - • • • ^ 


-n + I 


Then, ist, P 


Zfi 


See. and sdly, 


/ { P,. P._. Px_n+. } = / { *} 

For in the expression of write successively x,x — i, 
• » for X, and we have (since S^, &c.) 


X — s, 


a?- 


x~i 


a S 6 S 

X * ;v— I * ^ 

rsflS 4 - 6 S ,+ 

X^l » X Z » X 


d S J-i bS *4" 


kS. 






-.aS 


j6S 


n+i ~ 


.«+i x,^n+t +^»S^+.. 

and lastly P^_„ « -f 6 ^ 

Any function then, symmetrical relative to all the first mem- 
bers of the equations (A) will, by reason of the circulating 
form of their second members be also symmetrical relative to 

whence by the last proposition 




» *4* I ^ 


the truth of this becomes evident. For example 


P^- P^, 

JO (,91 liXWwi^X 


.. .P 


«|» I ' 




k. 


P -f P + . P 


•H + I 


a 


(8). We are now prepared to proceed to the integration 
of circulating equations, and to determine by that means the 
igefieral terras of such series as depend on them. The man- 
ned of reducing the law of a series of this kind into an equa- 
•:jdb^,iwp|vb^:f^ :a 'sinaple instance., „:;Su|*]pQsd 

actually eccarred- In, 'an engHay.of aoMler 
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“2 = + “o > “3 = ^2 + “i » «4 == ^“3 + «2 > 

, &c. 

The period of the coefficients of the second terms of all 
these equations being a, b, if we take S_j. to represent the sum 
of the a?th powers of the roots of 2* — 1 = o, the circulating 
function will express the general term of the 

series a, b, a, b, and the equation 

X \ X * 1/ a^— 1 I 2 

will coincide in succession with each of the given ones, by 
giving X every integer value from z to infinity. This then 
is the equation of the series, which it only remains to inte- 
grate. To this end assume 

= v^. VPl 

putting for a + b^x-i' Then, by {7) we have P^__^=s:P^ 
and the equation becomes, by substitution, 

that is, ' 

V ss V * 1/ P . P V 

but, i/Py P^_i being a symmetrical function of P^ and 
^*—1 ^(7) invariable, and equal to l/o^ whence we have 

an ordinary equation with constant coefficients, and conse- 
quently integrable by the usual methods. Similar considera- 
tions will enable us toi arrive at the equations of all periodical 
series, and we shall therefore tx>nfine our attention to the 
equations alone, in the im^t of which they 

MDcccxvin.' ' 



154) Herschel on circulating functions^ ^c. 

(9)- Given the circulating equation 

+ ■ p,. +’p,. + ”p.- «^=”+'p, 

where &c. are any circulating functions ^ with either 
constant or variable coefficients^ the period of their circulation 
being the same in each, and equal to n ; to integrate it 

Assume «,= ‘ + *-^x • Sx-.i+ ^ , 

Then we have 

I- S,_,+ • • • 

S.+’A^,. S^, +. . . 

and so on ; and supposing 

ip^ = ^a^ . S^j 4* 'K' 

we shall have by (5), 


I* »+i 

*2 A <2 






-».• —A^- S. + X- S^. + 

Z 


similarly, 

.*• ^x-. «+ 1» **SCC. 
The equation then will become by substitution 

0 « S4«A, -I- VAx^, + 4 . .... 

» — JII+IA .^IW+I. I 

• V* ' ®X* "x*— •»« 

+ *^***^x— i + *^x“Ax— a + • ' • • 


&X% 


» — 1»+ a , 



*' i 


* ^JPak*** |[ , ff, ^ ^ ••jjpf w,, 4r in # '■'* 

I^di'g^eatei*' than' 'iw.' ;'’;If;the:’ 'contrary. 
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be the case, when the progression . 'A^ is 

exhausted, instead of going on to write ”■* A^ , ”^A^ , we 

must begin over again with "A^, &c. and so continue in 
regular rotation as often as may be necessary. Now to de- 
termine these functions, let each term be separately made to 
vanish, and a system of equations will be obtained as follows: 


A„+ V-”^‘A^=”"'^.!(i) 

’K+\ ■ 'A„+’i, • "A^+ "K- "-”+‘A,_„="+-s,;(,) 


’^+%■ 




These equations are of that peculiar class which Laplace has 
distinguished by the name of “ re-entering equations” 


{equations rentrantes). The elimination of 'A^, - 

from them may be performed by the ordinary process for 
eUmination between algebraic equations of the first degree, if 
we only prepare them by substituting x-fi for a? in (a), 
for X in (3), and so on throughout ; because only one 
value of each of these functions is contained in 6ach equation, 
and by this substitution that value becomes the ^rae through- 
out the system. This done, the system is reduced to another, 
consisting of w equations, between the remaimng w unknown 
functions, among which the process of elimination must then 
be pursued by the rules peculiar to equations of differences. 
Without our pages with th^i d^il of this ope- 
ration (yvbieh,a p 60 ble difference, m the numerical forms of 
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its general form) it will be sufficient to state that the final 
equation for determining ”A^ will be of the form 


X +mn 




+ mn- 


."A, 




, &c. and being certain known functions of x. 
The integrable eases of this equation (which is an ordinary 
one of finite differences, and although of the m x order 
reducible by a very obvious substitution to the ) are for the 


most part those in which all the functions “Pj. 

are circulating functions with constant coefficients, while 
may be of any form whatever, variable or constant. 
In these cases then the proposed circulating equation is inte- 
grable, and they comprise nearly all which are of any real 
utility in the j)resent state of analysis. 

The complete integral of the equation (D) involves m,n 
arbitrary constants ; and, since by means of the system (C) 


all the other unknown functions , *A, , . . . . ."“‘A, may 


be expressed by linear combinations of ”A^ and its successive 
values, these constants will be involved in each of the several 
terms of which consists. But as their number exceeds 
what is necessary for expressing the complete integral of the 
proposed, whose order is only jw, there must exist equations 
of relation between them to the number of or 

; else some of them must coalesce into one, by some peculiarity 
in the composition of these functions. But any such relations 
j by- substituting ' the, 'value , 

the, 'proposed- .eqUationv 
,be'.'W03tl^ white, 
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however, to examine the integrable cases above alluded to 
rather more rainutely. 

If we leave out the consideration of the last term 
which is allowable, because by the well known theory of 
linear equations, the part of the integral dependent on the 
last term can be supplied afterwards, we have t=: o, and 
the rest of the coefficients of the equation (D) constant. 

Denoting them tihen by *H, *H, . . . . .’“H, and supposing 
a, / 3 , y, &c. to be the roots of 

I ifjr I I m "—a | ^ r T _ 

z -f- H.s; -p -j-.,,. rl^ — .o 

let us take to represent the function 

( V; )" + (V?)* + (”V7 )" + 

m 

and the integral of the equation 


"A, + * H .« A, + H . = o 

may be universally expressed as follows : 

“A^ — ‘C, . A’,+fC, . “C, . 

+ • • • «»+« } 

+s_„+.{ 'c.. ...... 

This may be proved without difficulty from the known 
form of the integral of the equation of a recurring series. 
Now since the values of ^A^, ^ , &c. are all expressible by 

means of ”A^ as above descnbed, it is .easily seen that these 
are all in like mannef circulttiiig functions of a similar form, 
aqd ^nce ; •' ' ■■ 4' 4.;:: ‘ 4 

u ’=*A' , .>S '•■ 4 ** .'S' ’• ''-i" A .S 
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we may neglect in the expression of 'A^, all those terms 
which have not for a multiplier; in that of , all but 
those multiplied by ; and so on. This is a simplification 
of considerable moment, and will enable us in any assigned 
case to dispense with the troublesome and complicated pro- 
cess of deterjtnining &c. by elimination from (C) after 
”A, is obtained. Iii fact, if we suppose ( * ) 

X = S._. { 'c. . *. + "C, . + . . . "C, 

&C. 


the relation between the constants which enter into these 
expressions may be assigned by merely substituting them 
in the equations (C), and after writing for its value 

s{ (V7)* + (”V?f + &C-I 

and for a«> values. 



4* &c. } , &c. 


equating the coefficients of each separate term (“vT)*, 

&c. to zero. This will give m%n equations of relation 
between the constants, but it will be found that m of them are 
necessary consequences -of the others, in virtue of the equa- 
tions (min number) 


, In these «5iiadons the cons^^ &c. are not intend^ to 

in the, .expresion aWe'givea.for'^A^, w]^.''are' 
" ,.Thejr.are-&n(idfis»! of thein.,'W|i(»e'fo|pai It 'hi'ff;«o 

fe t«s?.' parpose, that 'the ene'sy8|«»j,-,of con-. 
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+ ”'H=ao 

iQ’”+"H . + =: o, &c. 

The above mentioned equations are therefore equivalent 
only to {n — 1) .m distinct ones, vi'hich as we have already 
seen, is the number of relations which ought to subsist 
between them. Hence then, all the constants except those 
which remain arbitrary may be eliminated from the expres- 
sion of u^, and the result will be the complete integral 
required. 

( 10). Having thus determined the value of , when the 

last term of the proposed equation, or is zero, if we 

would then extend the integration to cases where it has any 
given form, the usual theory of linear equations will afford 
the requisite formulae, and their application will be attended 
with no other embarrassment than what may arise from the 
integration of explicit functions of the forms 
£S^./(^) and^P^./(ar) 

Into this part of the subject, however, we need not enter 
at any length, because it may be avoided by pursuing the 
process originally laid down in (9) without neglecting the 
last term. We shall confine ourselves to the remark, that 
both the above expressions are reducible to the form 

, ^a!~i Ht" * * ‘ *^»‘ 

and to the developement of one interesting case, viz. that in 
whi(h/(j;) =; i, cr the^to to be integrateid is simply 

Let us then denote; S-SL by and. if is remarkable that in 
the det^ratinatfon aj^ unavail- 
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^ + Sec* 

Tl 


the direct integration of each term will give 


u. 


but the peculiar values of a, fi,Scc. (the roots of unity) render 
this expression useless. Neither is it of any service to regard 
as the general term of a recurring series whose equation 


IS 




for the general expression of the sum of such a series 
becomes illusory when applied to this particular case. We 
shall be successful, however, if we regard u^ as originating 
from an equation of differences Au^ = , or ~ u^=s , 

and treat it as a particular case of the equation integrated in 
(p). Thus if we assume 

the system of equations (C) becomes 


These give 


* 1 ; 




^A;B+r~ 

0 

(1 

« 

1 


1 

II 

o 

f» • * , ' • 

' *A ' • 

' ■ ^ir+l * 


& ,«A., ■' 

"ic '-^ar+x 

A ■ 

r^":^'x+z ^ 

anti! finally V. '' 





4- 


td dhexwm the 


' lo ; qeceranti 
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now such a one presents itself at once, viz. i because 

we have obviously — ^ = i. Hence then we obtain 


"“A, = i + 1 — i 

^ ■ ft 

^ n * n 

and so bn, from which we obtain for the general value of 


u, == Const. + *A^. + «A, . 

= Const. + I + . . . + i) 

““ « { O* ^*-1+ (»— 

But by (6) we have + . . . . = i, and if 

we include the independent unit in the arbitrary constant, we 
find 


55 ^ o. S^*— 1. — s. Sj. — '....(w ^ 

« » ’" n ' • 

There is something remarkable in this expression. If 
be put for x, and the integral made to vanish when a? == o, it 
expresses the sum of the series 

s, + + Sj-f- .. . .S^ 

this sum will therefore be represented by 

X' — O.S^--r !• + r 


Now it is evident that this series of terms will contain as 


many e^ual to unity, as. there are units in the integer part of 
|, and all the rest are zero. Here then we have an analytical 
expression for the integer part of idle quotieint in the division 
of anyone number, x, by any other, without in any way 
specifying thdr numencal form; whence also a similar ex- 
p^ess^on for the remainder in the same division is ^|ly 

' MDCCCXVni. ‘ 
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obtained : a proposition which seems likely to be of some 
service in the theory of numbers. 

The same expression may also be obtained by the follow- 
ing considerations. If x be a multiple of n, the integer part 
of -Iwill evidently be represented by if a; be of the form 
in + j, or a multiple of n increased by unity, the same 
integer part will be represented by ; if of the form in -f a 
by and so on. If then we can devise such a function 
/(x), that when x = in we shall have f {w) = o, when 
x= 4* ~ when x ss m -J- a, /(a?) =: a, and so 

on, t being any integer whatever, it is evident that 
will represent in general the integer part of Now 


o.sW + i.sW, + s.S.W,+ («-))• 


n + 1 


is such a function. I thought it right to mention this, because 
the observation of this fact (so deduced) was among the first 
things which led me to the general consideration of circula- 
ting equations in the form I have here presented it. 

(31 ). The next case I propose to consider is that of cir- 
culating equations, in which the period of circulation is not 
the same in all the coefficients. This, however, will not 
detain us long. Suppose 


n, pi q , . . ... r, ?>, denoting the respective periods of circu- 
le|;^ in reach of ffie coefficients. Take N to represent the 
: ^1 thcB^^ divided by their 

►n may be regarded as a 

%irnae of circulation is N, but the 
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coefficients of which, taken in their order, form ~ subordinate 

Ti 

periods within it, each consisting of the n coefficients of 
Thus suppose n=zQ, and N =: 6 then 


= 

The identity of these two expressions is easily recognised : 
when a? is a multiple of 6 , and therefore of s, they both 
reduce themselves to ; when a?--i is such a multiple, to ; 
when X — a is a, multiple of 6 , x — a is also one of s, and 
therefore x is so ; consequently both functions reduce them- 
selves to , and so on for every form of a?. 

Thus every coefficient of the proposed equation may be 
reduced to one whose period of circulation is N ; and this 
being done, the equation comes under the general form inte- 
grated in (9). The second series whose law is stated in 
Art. (3) leads to an equation of this kind. In fact the 
equation 


u- {<! i sH.+ £ S(£.) - (» = 0 

coincides in succession with the whole series of equations 
there assigned ; and if we write instead of the coefficients of 
this^ the following, 

vsw + isg.+csw +r.s£,+JS^^+^ sMj 

they are reduced to % coinmon period of circulation, and the 
equation niay then bC ihtegrated as above. It remains to 
cpihside'r equations with more Tfian 6he independent variable, 
"^hose coefficients- ^ -Kir 
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( la). A circulating function with two independent varia- 
bles may have a double period of circulation, and may in 
general be represented thus : 


sf 4 "^ + 4 ':°’ s'i s<"> + sw sw ,+ 


i.n— 1) g(^ 


m + 1 


one with three may have a triple one, and its expression 
will be 


HT-: SL”’ Sf s<') + sw SW sw + ««. 

and so on, and these functions possess general properties 
analogous to those of one variable. To avoid complication 
we will confine ourselves to the case of two variables, a 
similar mode of treatment being applicable to any number. 

First then, any function whatever of x, y, S^, &c. 
and their successive values is reducible to the form Pf”*' 

a?> ^ 

and thus the suras, products, quotients, or powers of two or 
more such functions are reducible to a single one, as in the 
case of one variable. 

sdly. Any symmetrical function whatever of the values 

p(»», n) p(»», n) p(m, a) p(m, n) 

i,y» ‘a'jy-.i** 

is, invariable, provided the coefficients of each term in the 

expression' of are so; and it is equal to a function 

similarly composed of those coefficients. 

f ■ ■ gdly. Any circulating ihnction of the form may be 

to another of the form M and N being any 

respectively, and thus any number of 
Su® to the same period of circula- 
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tion. These properties are easily demonstrated as in the 
case of a single independent variable, and .by their aid all 
circulating equations of partial differences may be cleared of 
their circulating form. 

(13). Let the proposed equation of partial differences be 


+ + 

(f—l, s_i) p(m, m) n) 

Xty x-~r,y — s ^ 3:,y 

To integrate it, we assume 



- and supposing the general representation of any one of the 
coefficients as to be 

{r,4) (0,0) o(ni)c(«) 4, (r,s).(J.o) c(m) c(«)i (*■,$), (0 . 0 §(»»)§(«) J. gjc. 
t,y '^x x,y ''^x—i'^y “ x,y ‘^x • 

Then, if the above expression be substituted for u^ in the 
proposed equation, it becomes 



Let now each term of this, enclosed in the brackets, be 
sepwately made to vanish, and we shall obtain a system of 
re-entering equations of partial differences, for the determina- 
tion of the unknown-functions &c. The number of 
these equations is which being also that of the functipns 
to be determined, they suffice for. the purpose. 
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It will be unnecessary to enter into the detail of the pro- 
cess of elimination in this case ; it is always practicable, and 
leads to a final equation with constant coefficients, wlien those' 
of the circulating functions which enter into the proposed 
equation are constant, just as in the case of one variable. 

(14,). I am unwilling to occupy the pages of the Philoso- 
phical Transactions with examples of the application of the 
processes here delivered to the various problems in the pure 
and mixed mathematics where they afford either a remark- 
able simplicity in the result, or great neatness in the investi- 
gation. Such instances occur frequently in the evaluation -of 
continued fractions and other similar functions where the 
denominators (or other elements) recur in a certain order. A 
variety of complicated questions relative to the simultaneous 
employment of capital in different mercantile transactions, 
can scarcely be treated with perspicuity in any other way, 
and other instances will readily suggest themselves to the 
reader whose experience in enquiries of this nature has led 
him to feel the inconvenience which these pages are designed 
to obviate. I will therefore merely subjoin one example of 
the integration of a circulating equation of the second order, 
with constant coefficients, by way of illustration of the methods 
themselves. 

Suppose then we have 

4 - » o 

yfhefe S^ is sura of the powers of the rbbts of 

' ’ A, ■ 'K' ,ssss,/ik' S "4— S • S 
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o=S;A— aB - 1 -«A \+S /B--6A 4.1SB \ 

whence we find 

A " 4 - * A =! a B 

X *. X—2 X—1 

B +i 3 B =6A 

The first of these gives = ■• { A^^ , + a A^, } ; ( E ) 

which substituted in the second multiplied by a produces 
^a+i + (« + — <26) A^_j 4 - «/3 A^^ = o 

This equation corresponds to the equation ( D) of the fore- 
going articles, and if we take p and q such that 
(2* — p") (2:* — = r*— (a6 — a — / 3 ) 

we shall have for the complete value of A 

S.( c. (/+ /) + C'. + q’-’) } 

This expression substituted in (E) will give the value of 
B , but as it is sufficiently evident that the expression so ob- 
tained, as well as the value of « thence derived, will all have 
the same form, the constants only differing, we may at once 
suppose equal to the second member of (F) and determine 
the relations between C, C', c, c' by substituting itjn the 
proposed equation. This gives the following four equations 
of condition among the constants. 

(“^ + )( ' + 1=) f (•' + J.) = O J 

(C+|){i+f.)-5(c+p) = o-. 
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Eliminating + j,) from the two first of these, and 
(c from the two last we find 

(C+p ). — — /3)/ + as} =0 

~4> (C « — /3) f 4- a/?} =0 

but the values of p and q are such by hypothesis, that the 
latter factors of these equations vanish separately of them- 
selves : the equations are therefore verified independently of 

any particular values of C or C , which therefore 
remain arbitrary. C and C' then being arbitrarily assumed, 
and c, and c' determined from the above equations, which 
give 

_ cpq gH >? + «) + c*. iM ~ ») 
a.pq7(f^q) 

f C' { ( + » 0* + 9* + ^ 9 )} — C. (pq.f .{pq-~-m) 

the second member of the equation (F) will be the complete 
value of u , and it will be noticed that we have 
sa j3 , ss! U!& -f- jS) 

(p -f =s V(fT7)Tm 

whence the whole is readily reduced to functions of the pro- 
posed coefficients a,h,a,0. . 

V JOHN F. W. HERSCHEL 

''Siflugh, Novi^iSjy* ■ - \ , 
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X. On the fallacy of the experiments in which water is said to 
have been formed by the decomposition of Chlorine, By Sir 
H. Davy, LL,D. F.R.S, 

Read February 12, 1818. 

Some experiments have been lately communicated to the 
Royal Society of Edinbirngh, from which it has been inferred, 
that water is formed during the action of muriatic acid gas on 
certain metals, and consequently, that chlorine is decomposed 
in this operation. 

In repeating those experiments, I have ascertained, that the 
water is derived from sources not suspected by the authors, 
and that their conclusions are unfounded. To take up the 
time of the Society by long experimental details and theore- 
tical speculations on such an occasion, will be unnecessary; I 
shall therefore only transiently mention the sources of error, 
and demonstrate their operation' by two or three examples. 

When muriatic acid gas is passed through flint glass tubes 
heated to redness, a small quantity of wateris formed by the 
action of the gas on the oxide of lead in the glass, and a 
smiallei? quantity by its action on the alkali of the glass, the 
process beingone of double afiinity, the hydrogen of the mu^ 
riafic acid unites to the oxygen of the oxide, and. the chlorine 
coinhjnes'^th'the'^tals. '' ,■'/ ; 

A copious dew wae fotaned hy passing muriatic acid gas 
tWugh ffint glps and a less copious dew, by 

psisihg, ik through greeA glass tub^. In the first inst^cs,: 

'■ MDCCOXVin. y '' 
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the glass became opaque, and gained a pearly lustre, and a 
combination of chlorine and lead sublimed from the hotter into 
the colder part of the tube. In the second, the surface of the 
tube became slightly opaque, but no sublimate was formed. 

When fine clean iron wire was introduced into such tubes, 
and made red hot, and muriatic acid ga.s passed over it, no 
particular precautions being taken to free the tubes from com- 
mon air, much more water appeared ; but this excess of water 
principally owed its existence to the combination of hydro- 
gen disengaged from' the muriatic acid gas by the iron 
with the oxygen of the common air. I say, principally, be- 
cause an inappreciable quantity must have been deposited from 
the vapour of hydrated muriatic acid in the muriatic acid 
gas. This was proved by filling the whole apparatus with 
hydrogen in another experiment, and generating the muriatic 
acid gas in a retort filled with hydrogen, when the water 
produced wag no more than might have been expected from 
the action of the muriatic acid ga.s on the oxide of lead and 
alkali in the glass. I give the details. Above si grains of 
the first combination of chlorine and iron were formed ; the 
quantity of moisture collected by bibulous paper, and which 
was a strong acid solution of the proto-muriate of iron, 
amounted to less than half a grain, and of this not more than 
two-thirds could, have been water. Now, if chlorine had been 
decomposed in this operation, the quantity of water ought to 
Imve bqen at least te^ 

a -y l h2|y% shown b^ numerous experiments, that in the action 

hy equaVip/buIk to 
S|pi^|^|^|ie^.!^;'^s,;,is’:produced^^ .is:,thehefbre'^evi- 

generated by- the-' action'of tnu- 
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riatic acid gas on metals, it must have been the chlorine, or the 
metal, or both, that were decomposed. As chlorine can be 
freed from much of its aqueous vapour by dry muriate of lime, 
which is not the case with muriatic acid gas, it offers a much 
more unexceptionable substance for experiments of this kind. 
I passed 23 cubical inches of chlorine slowly through dry 
muriate of lime into a flint glass tube red hot, containing a 
green glass tube full of iron wire ; the chlorine combined with 
this iron wire with intense heat; the bright sublimate formed 
was passed through more iron wire heated to redness, so as 
to -form a considerable quantity of the first compound of chlo- 
rine W'ith iron, which, when examined, was found exactly the 
same as that produced by the action of muriatic acid gas on 
iron. All the products were heated strongly, and the end of 
the glass tube kept very cool ; but not the slightest appearance 
of moisture was perceptible. 

In all these experiments I was assisted by Mr. Faraday 
of the Royal Institution, 

Muriate of ammonia is not altered by being passed through , 
porcelain or glass tubes heated to redness, but if metals be 
present, it offers similar results to muriatic acid gas. In one 
experimeint, in which muriate of ammonia recently sublimed 
was used, instead of muriatic acid gas, the appearance of 
moisture Was less than in the experiment on muriatic acid 
gas, which has been just detailed, and yet there was a consi- 
derable action on the oxide of lead in the glass, not only by 
the muriatic aead/ b^ut likewise by the. free hydrogen of the 
decomposed atisthottitW^ ^ 
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XI. The Croonian Lecture. On the changes the blood undergoes in 
the act of coagulation. By Sir Everard Home, Bart. 
V.P.R.S. 


Read November ao, 1817. 


It is not a little remarkable, that in the first Lecture of this 
kind, which I laid before the Society, in the year 1790 , 1 
should have endeavoured to show, that a muscular fibre was 
too minute an object to be seen by the human eye, even 
assisted by the best magnifying glasses then in use ; and that 
in this Lecture,! shall be able, by means of the great improve- 
ments that have been made in the use of the microscope, to 
show that a fibre not larger in diameter than one of the glo- 
bules of the blood can be demonstrated. 

To the Members of this Society who have so lately seen 
Mr. Bauer’s drawings, of the glandular apparatus peculiar to 
the Jaya swallow ; of the internal membrane of the human 
stomach, exposing structures that were not known to exist ; 
also of so small an object as the human ovum, in which is 


soo the seat of the two most important organs of the body j 
Wings Tendered beautiful by their simplicity and dis- 
titji^peee ;) it wilt readily suggest itself, that Mr. Bauer is 
; thj| ,:pers9!t I insider we are indebted for those iitii- 

say,has.been, employed in , 
plants, observing firjst the 
.them .in. different 
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degrees, and comparing, with the nicest discrimination, what 
was exhibited by one magnifying power, with what was 
shown by that immediately above it, and, where they did not 
exactly correspond, employing the whole energies of his 
mind, with a patient labour, almost beyond what is natural, 
in ascertaining the cause of the deception which must in one 
of them have taken place. To the observations of such a man 
upon subjects of this nature, if we are not confidently to place 
a reliance, how are we to give credit to the remarks that are 
made by common observers ? 

I have said thus much as an introduction to the observations 
that I am going to bring forward, for the public to know, 
whatever opinion they may form of them, they have been the 
result of long and unwearied research ; and have been so fre- 
quently repeated- as to satisfy Mr. Bauer of their correctness. 

The red globules of the blood in the human body, when 
enveloped in their colouring matter, appear, when measured 
inthe microscope by the micrometer, to be part of an inch 
in diameter, requiring ^,830 ,000 to a superficial or square inch. 
These globules, when deprived of their colouring matter, appear 
to be ^-5^ part of an inch in diameter, which makes 4,000,000 
of globules to a square inch. From these observations, it ap- 
pears that the globules, when deprived of the colouring mat- 
t^, are not quite one fifth part smaller. The colouring 
substance appea,rs not to be contained in the globules, but 
only to envelope them : one reason for forming this opinion 
is, ihat the separrjatfe>n;|s very rapidly efifectedi the colouring 
subst^ce flowing, frora rii parts of the globule at the same 
ipgapti; the" coloured state 

it 'is- necessary :i^at K,)pry:- blood" 
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smeared as thin as possible upon the glass, in order that all 
moisture may instantly evaporate ; they then remain of their 
full size and colour, perfectly spherical, as in the representa- 
tion, fig. 1, PI, viii. But if a greater quantity of blood be laid 
upon a glass which retains moisture only half a minute, the co- 
louring matter begins, in a few seconds, to separate and form a. 
circle round the globule, and if the blood is diluted with water, 
the separation of the colouring matter is instantaneous, and 
the globule puts on the appearance represented in fig. a, PI. 
viii. Another reason is, the great quantity of colouring mat- 
ter, it being as three to one in proportion to the globules. 

The globules of the blood have neither the same size nor 
the same shape in all animals. Dr. Young, in his introduction 
to Medical Literature, has described them to be of an oval form 
in the skate. Upon examining them in that fish, Mr. Bauer 
found them, while the fish was alive, of the form of an egg, 
but almost immediately after death, flattened. I shall, how- 
eveTi reserve the materials I have collected upon thi.s subject 
for another communication. When the globules in the human 
blood lose the colouring matter, they continue floating in the 
serum, and are seen to have an attraction towards one another 


so as to coalesce, uniting themselves together. In the an- 
nexed drawingis represented their mode of union under difier- 
eht circumstahces, surrounded by serum deeply tinged with 
the colouring matter. In one instance three globules are so 


united as to, form another there is a line compo- 

where' the'- 
place.' : .This appeaiv. 
renders it:ijrobahIe atleast 
hart of-thfe'''h1fthd, n'orrtf* 
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the muscular fibres are principally formed, and no fibre they 
could form would be of smaller dimensions than the globules of 
which it is composed. Having expressed this opinion to Mr. 
Bauer, I was desirous that he should try to unravel a muscle so 
as to come at the ultimate fibre. Several attempts of this kind 
were unsuccessfully made : but in one instance, in the muscles 
of the thigh of a roasted chicken, a detached fibre was exposed 
in the microscope, which occupied upon the micrometer, 
the same space in every respect with the four globules which 
I have mentioned to have seen united, and floating in the se- 
rum of the blood before the blood had completely coagulated ; 
the muscular fibre from the chicken could be traced to a 
greater length, but the indentations could not be distinguished 
farther on. 

In prosecuting this examination of the muscular fibres, Mr. 
Bauer found that after being boiled or roasted, and then 
macerated in water, changing the water every day for a 
week, they were much more readily separated from each 
other, and that he had no difficulty in procuring single fibres 
similar to the one described, from the coats of the human 
stomach ; the thigh of the sheep, and of the rabbit; and from 
the salmon . The appearances that different fibres put on are 
represented in the annexed figures, 4, 5, 6, of Plate viii. 

When the fibres are macerated for a longer time, they are 
readily broken down into a mass of globules of the size of those 
in the blood, deprived of their colour. The accuracy of the ap- 
pearances th^t hi‘4ve;been described toay be depended on ; how 
far they- will afford the slightest grounds for an opinion that 
thf globules are the and the attraction between them- 

''tl^''lmahs,^By:whk^h:■tbe^sin||eifibres preformed, and'dl-^O,; 
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combinations produced that are met with in the structure of 
muscles, must require farther investigation. It is deserving 
of remark, that while the globules are enveloped in their 
colouring matter, they are not seen to run together, and 
coalesce with one another on the field of the microscope; it 
is therefore probable that the attraction, by which this effect 
is produced, only takes place between globules deprived of 
their colour. 

It may not be amiss to enquire how far there is any thing 
in the formation of fibres in other parts of the body at all in 
favour of muscular fibres being composed of globules, and I 
shall mention that Mr. Bauer, in his examination of the 
substance of the brain, under the microscope, finds, that when 
that organ is immediately after death made the subject of 
ej^amination, abundance of fibres are met with in every part 
of it; indeed it appears that the whole mass is a tissue of 
0bres, which seems to consist entirely of an accumulation of 
globules, whose union is of so exceedingly delicate a nature, 
that the slightest touch, even the mere suction in water, 
deranges and reduces them to that mass of globules of which 
the brain appears to be composed when examined with less 
accuracy, or under less favourable circumstances. He admits 
that in his first observations he was induced to believe that no 
suph things as fibi'e^ Tvere to be met with in the brain ,but 
the whole orgah consisted of a mass of these globules. 
■ ef the brain, as well as those of pus, 

v'r 3 ^.|e|^|l^y;..the;.sanie ■si;^ees.- those of the blood when deprived 

the, 'investigation of the 
brain, shall not farther anticipate 
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his observations upon this most important organ : as my 
only object in what I have already stated, is to mention, that 
the fibres of which it appears to be made up are composed of 
globules. 

Upon mentioning Mr. Bauer’s observations on the brain 
to some of my friends, I was referred to the Supplements to 
the 4,th and 5th editions of the Encyclopsedia Britannica,* in 
which the opinion of .the brain being composed of globules 
is noticed. I find, upon making such reference, that there is 
not enough stated respecting the anatomy of the more minute 
parts of that organ, to supersede a farther investigation of 
its structure, as will appear from the following extracts. 

“ It (the brain) has been subjected to very minute micro- 
scopical observations by PRocHASKA.-f When he took a small 
portion of it, either from the brain proper or the cerebellum, 
and spread it on a thin plate of glass, so that it became pellu- 
cid, and then examined it with a powerful microscope, he 
found that it resembled a sort of pulp, consisting of innume- 
rable globules, or particles of a roundish form. A little water 
added to this pulp, divided it into a number of fiocculi ; but he 
observed that each flocculus was still composed of a number 
of globules. He very rarely found one globule by itself, or 
even two, floating in water, apart frorh the rest. Maceraticm. 
in water, even for three monthsi was insuflEicient to separate 
them from; each other. He concluded, therefore, that they 
were unitedby means of a very delicate and: pelludtd cellular 
substance. I’he gfetufe all of the 

a,viiage N^'^.and 65. 
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same size ; but varied a little in dimension, even in the same 
part of the brain. In general, however, he found them, both 
in the brain proper and in the cerebellum, to be more than 
eight times smaller than a globule of the blood. The most 
powerful microscopes did not enable him to discover any thing 
satisfactory respecting their structure.” 

These observations have, within these few years, been 
prosecuted on a much more extensive . scale, by Joseph and 
Charles Wenzel.* They have uniformly found, that the 
white nervous matter seemed as if entirely composed of ex- 
tremely small globules or corpuscules of a roundish form, 
putting on the appearance of little cells, filled with a proper 
medullary substance. No estimate is given of the dimensions 
of the globules, but they describe them as being exceedingly 
minute, and as being all pretty nearly of the same size. 
They seemed to adhere very closely to each other, without 
any apparent connecting medium. The globular appearance 
cohtinueid distinctly perceptible in portions of the substance, 
which had been long exposed to the action of rectified spirit 
Of wine and muriatic acid ; nor was it even destroyed , by 
steeping the matter in alcohol , and then drying it.” 

, The statements contained in both of these extracts confirm, 
in the most satisfactory manner, Mr, Bauer’s observations, 
although in many respects, they are deficient in point ofac- 
,-oiiracy.' 'v-.r--' ^ ^ ^ 

• . i ' liaying laid before the Soci^^ 

Ranees of theglob the blood fiom which {the 
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acquires that texture, which fits it, when extravasated in 
living animals, to open a communication with the general 
circulation, and by that means become a part of the solids of 
the animal. 

It has ever been a desideratum to ascertain in what manner 
blood after it had coagulated, and remained at rest in different 
parts of a living animal, is rendered vascular. The fact itself has 
long been known to every enquirer into the operations of the 
animal economy, and several theories have been formed to ex- 
plain it. Mr. Hunter, who perhaps understood the appearances 
such coagula put on, when injected from the neighbouring 
vessels, better than any other physiologist, was unable to 
trace a direct continuation of ramifying branches from the 
circumference of the living parts to the. centre of the coagu- 
liim, and therefore referred it to a principle of life existing in 
the blood, which principle was consequently inherent in the 
coagulum, and formed a series of vessels, pervading every 
part of it, which opened for themselves communications with 
the surrounding vessels. Since Mr. Hunter’s time, no more 
satisfactory opinion has been advanced for the explanation of 
this curious phenomenon. I confe.ss that my own attention 
has not, for the last twenty years, been called to this enquiryi 
although before that time, while I was assisting Mr. Hunter 
in the prosecution of his pursuits, I gave considerable atten- 
tion to itj but remained unsatisfied with all the explanations 
that had been given, 

My attention*v as, hovveveir, agaih called to this subject last 
summe^iby difl^eht cbn^versations f had with Mr. Bauer, in 
hie fold me^ that to illhstafatc the germination and vegeta- 
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tion of wheat, introductory to his illustrations of the diseases in 
corn, he sowed a quantity of wheat, and afterwards took up 
every day some grains, or plants, for examination, till the 
ears were ripe. In his close attention to the changes that 
took place, he was very much struck with the rapid increase 
of the tubular hair of the root of a young plant of wheat, in 
its earliest stage of vegetation ; and fixing his whole attention 
upon that part of the plant, he observed small pustules of a 
slimy substance arising under the epidermis, on tlie surface 
of the young root ; and, in a few seconds, a small bubble of 
gas burstfrom the root into the slimy matter, whicii it extended 
in a moment to the length the hair was to acquire ; and 
the slimy matter, surrounding the gas, immediateiv coagu- 
lated, and formed a canal. He repeated his observations on 
another plant, whose pubescence consisted of a jointed hair, 
and observed the same effect take place ; a bubble issued 
from the young stalk, and extended the slimy mucus to a 
short distance, forming the first joint, which immediately 
coagulated and became transparent, and at its extremity a 
new pustule of the same slimy mucus accumulated, into 
which, in a short time, the gas from the first joint rushed; 
and thus, in a moment, a second joint was formed ; in the 
same manner he observed the formation of the hairs of ten 
or twelve joints to take plac^ 

in themselves, and whicli 
; explain, in so simple and satisfactory a inanner, one of the 

forme<i in vegetables, and an addi- 
ina'i® so strong an impression on 
enj^o^sedi my attention,: that I did 
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not allow Mr. Bauer to rest, till he gave me his assistance in 
instituting experiments, to ascertain whether any thing simi- 
lar takes place in animal bodies. 

The first object of our enquiry was to know, whether any 
gas is to be found in the blood while circulating in the vessels, 
and under what circumstances it is separated from it. That 
the blood, whilst circulating in the arteries and veins, holds 
a considerable quantity of gas in solution, is proved by the fol- 
lowing experiments, made at my request, by Professor 
Brande. Blood was drawn from a vein in the arm, and 
whilst yet warm was placed under the receiver of an air punip; 
during the exhaustion of the receiver, there was a considera- 
ble escape of gas from the blood, so that it had the appearance 
of effervescing, and soon depressed the quicksilver in the 
• gage of the pump. He afterwards ascertained that this gas 
is carbonic acid gas, is met with in the same proportions in 
arterial and venal blood, and two cubic inches were extricated 
from every ounce of blood.* 

That a considerable portion of this carbonic acid gas, is 
extricated from the blood during the spontaneous coagulation 
of that fluid, was previously proved by Mr, Bauer, who filled 
glass tubes with blood recently drawn, and tying them over 
"With bladder, inverted them. At first there was no appear- 
ance of gas upon the surface, but as -the blood coagulated, it 
Was separate, and in the course of 34 hours was found in 
considerable quantity. 

Having asc^tained hot only the existihice of in the blbod, 
but that it is se^^rathd during process of coagulation, I was 
-mdM anxious to as in vegetables, the gas, 

. ♦ See Arihales de 
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thus let loose, pervaded the surrounding fluid into which it 
is propelled , in any particular manner. With a view to 
determine this point, I wounded the skin of my arm 
with the point of a lancet, so as to draw a drop of blood, 
which was received into a watch glass in a fluid state, and 
placed in the field of the microscope. The eye was then kept 
constantly fixed upon it, to watch the changes that might 
take place. The first thing that happened, was the formation 
of a film upon the surface, that part beginning to coagulate 
sooner than the rest. In about five minutes, something was seen 
to be di.sengaged in different parts of the coagulum, beginning 
to show itself where the greatest number of globules were 
collected ; and from thence passing in every direction with 
considerable rapidity through the serum, but not at all 
interfering with the globules themselves, which had all dis- 
charged their colouring matter; wherever this extricated 
matter was carried, a net-work immediately formed, anasto- 
mosing with itself on every side, through every part of the 
coagulum. When the parts became dry, the appearunce of 
a net- work remained unaltered. In .some instances, bubbles 
were seen to burst through the upper surface of the coagu- 
lum : this, however, did not prevent the ramifications that 
have been described from taking place. The annexed Plates 
give the exact representation of the appearance the blood 
t^kefi fi?om my arm put on, when it Coagulated and became 


dry, as -shown in the field ojt the inicroscope. ix, x,3 

exposed Jn the, micf^cppe, 
npon, thegl^s^'the,netr 

5^ cuicks,;and spoik 
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the appearance. This happens sometimes several days after 
the formation of the net-work has taken place. When clear 
serum w'ithout any globules is put upon the glass, nothing is 
extricated, but when the serum is quite dry, it cracks, and the 
cracks may be mistaken for the net-work ; but by comparing 
them with it, the difference is found to be obvious. 

These facts which Mr, Bauer has enabled me to bring 
forward, appear to point out an important change the blood 
undergoes, after it is extravasated. When this happens in 
living animal bodies, from whatever cause, and in whatever 
circumstances it takes place, no difficulty remains in account- 
ing for its afterwards becoming vascular, since all that is 
necessary for that purpose is the red blood being received 
into the channels of which this net-work is formed. 

I shall not detain the Society with any farther observations 
in support of W'hat I have advanced, satisfied that if the facts 
do not bear themselves out, it will be superfluous to load them 
with theoretical opinions. 

I cannot conclude this Lecture, without paying a tribute to 
the President of the Society ; not a tribute of praise, but a tri- 
bute of justice; for whenever general’ science, or any of its 
branches, are brought under his consideration, the zeal and 
exertion, which he shows upon all occasions, to promote the 
pujpsuits of individuals, exceeds whatever has been done by 
others, in this or any other eountry, and is above all prmse. 

Whatever Mr. Bauer has already done, and whatever he 
may hereafter to light, respectihg the more minute 
parts of animal bpdi#; is entirely to be attributed to the Pre;- 
Mdent ; ;for jt is request, under his encou- 

ra|^ei«eat,. and in compl|ah<je with his wishes, that 
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Bauer has put a restraint upon himself, and for a time laid 
aside the prosecution of the Anatomy of Vegetables, which 
frgm his early youth has been his favourite occupation, to 
assist in bringing to light appearances in the anatomy of 
animals, which, without his aid, must still have remained in 
obscurity. 
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XII. Some additions to the Croonian L,ecturey on the changes the 
hlood und^goes in the act of coagulation. By Sir Everard 
Home, Bart. V. P. R. S. 

Read March 5, i8i8. 

Several of my friends, much more deeply versed in mathe- 
matics than myself, who were present at the reading of the 
Croonian Lecture, remarked that no spherical bodies could 
be accurately measured by the common micrometer, and 
therefore no correct idea of the diameter of a globule of the 
blood could be obtained by that means. They were also led 
to doubt the appearance represented in the coagulum, being 
real, since air, in all ordinary circumstances, when let loose, 
forms itself into globules, not moving in straight or curved 
lines. 

These objections, coming from philosophers for whose 
opinions on such subjects I have the highest respect, induced 
me to request permission of the President to withdraw the 
Lecture, that I might correct any errors I had fallen into 
before the Paper came before the Committee. I found also 
upon reflection, that I had left the investigation more imper- 
fect than' I . was aware cf, sinpe it is of yery little consequence 
whe&er, in the ;aeti coagulated blood puts on this' 

y at the same, time 

proofs of , the same :changes t^^ place in cpaguk 
while they are , sflli moiat/awd also m the blood when^it is 
- MDCccxviir. B b 
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extravasated, and coagulates in the interior parts of living 
animals. 


I have therefore reconsidered this subject, and with the 
assistance of Mr. Bauer, have instituted a series of experi- 
ments, and had drawings taken to elucidate their results, 
which I hope will do away the objections made against coa- 
gulated blood having channels formed through it by the 
extrication of carbonic acid gas ; and prove, not only that the 
same change takes place when blood is extravasated in 
living animal bodies, but that these channels have a com- 
munication opened between them and the neighbouring 
arteries, and that the fluid blood circulates through the 
channels in the coagulum. Tn laying these experiments and 
drawings before the Society, I request that I may be indulged 
in adding them to the Croonian Lecture ; and with these addi- 
tions, that it may be submitted to the judgment of the Council* 

As the measurement of spherical bodies is a subject on 
which I am totally unfit to form an opinion, I requested my 
friend Captain Kater to have the goodness to measure the 
diameter of a globule of the blood, in what appeared to him 
the most satisfactory manner, and to explain to me the mode 
of doing it. He very readily complied with my request, and 
the follovwng is the mode which he adopted. 

A ruler divided Into inches and tenths was placed on the 
box #hibh ; Bu|»ports the mimosoope, a of pearl mi- 


diviskm 
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of " scale' '•-^bemg' ' mmoyed, bipod 



tlie Croonian Lecture. 


187 

sufficiently dilute was placed under the microscope, and 
being viewed with both eyes open, a globule of blood ap- 
peared to occupy, in the first experiment, one half of one 
tenth of an inch, and in the second experiment, one third of 
one tenth of an inch upon the ruler. Hence the size of the 
globule by the first experiment will be equal to 

i of of ^ of 1 inch = of an inch ; 
and, by the second experiment 

I- of ^ of ^ of 1 inch = of an inch; - 
the mean of which, or of an inch, may be considered 
as about the mean diameter of a globule of the blood. 

This measurement of Captain Kater’s, as it was natural 
to expect, corresponds with that which has been made by 
Dr. Wollaston, by means of a very ingenious micrometer 
of his own invention, a description of which has a place in the 
Philosophical Transactions ; and with the measurement of Dr. 
Youno in his eirometer, of which he has given an account in 
his Introduction to Medical Education. 

The diameter of a globule of the blood, measured by 
mathematicians of such eminence, is to be set down as 
part of an inch ; and the diameter in the micrometer, measured 
with all the accuracy that instrumentis capable of, since such 
was the smallest apparent dimension which occurred in Mr. 
Baiier's experiments, as 5^^ paitt of an inch. 

: I have talkeo more pains to have the difference between the 
measuimni^t; pfx gh^bule in these di^reni modes j^certeined, 
than tihe sub|eG|:^mjld appear to reqaiKe-j r bnt its bem 
wili; ^enable mieto^j^qal^c^seryers, nnskilled m the higher 
branch# dT n observations nppn 

of ^dMferent siz#, and o^ to compare tbehr tior 
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lative size in the micrometer, which will give a correct result 
which ever mode of measurement is adopted respecting the 
original globule. 

To do away the objection which has been made to gas 
being contained in the net- work formed in coagulated blood, 

I first made the following experiment. I placed a vessel 
nearly filled with blood drawn from the arm, under the re- 
ceiver of an air pump, and by exhaustion extracted the gas 
contained in the blood. This blood deprived of its gas 
when coagulated, exhibited no appearance of net-wwk. 
In that part which had coagulated before the exhaustion was 
Completed, the net-work was beautifully distinct. 

When blood is drawn from the arm into a cup, and allow- 
ed to stand 48 hours, the serum is separated, and every 
where encloses the coagulum. The greater part of the sur- 
face of the coagulum is covered with small round holes in 
which the gas had collected, and then forced its way out 
into the serum. But if blood taken by cupping is allowed to 
stand 48 hours in a cup, .sometimes the serum is only separated 
in small quantity, and does not rise above the coagulum, in 
consequence of a film or pellicle forming on the surface of 
■the coagulum, and fixing itself to the edge of the cup all 
rbund. This pellicle when examined at the end of 48 hours 
appears to contain ramifying vessels. This arises from the 
■raod^ by which the blood is Extracted depriving it of a part of 
gas, and Whaf remaihs is not sufficient in 
jpeil^ in tho’ect bf exttiiSation 

If i'S' forced- tb' spread 

ih^^ this appearance is produced by the 
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extrication of carbonic acid gas, I was led to make the 
attempt to inject the coaguliim with the common minute 
injection under the receiver of an air pump. The experiment 
was made in the following manner. A glass cup about 
an inch and a half deep, and nearly three inches in diameter, 
had blood from the arm drawn into it, till it was three 
parts full. The blood was allowed to stand in a cool place 
for 48 hours, the serum was then strained off, and about of 
the coagulum on one side was cut away and removed, and 
the cavity thus made was filled with common red size injec- 
tion in a fluid state; not, ho we vey, quite so high as the 
surface of the coagulum. In cutting off a portion, the edge 
showed the coagulum to be very weak, much more so than 
it is commonly met with. The glass vessel was immediately 
put under the receiver of the air pump. Very early in the 
exhaustion, the carbonic acid gas was evolved in such quan- 
tity as to keep , the fluid injection in a state of agitation, 
which had the advantage of keeping it fluid ; when the ex- 
haustion was increased, the evolvement was so rapid that it 
became necessary to work the pump very slowly. After 
the exhaustion had become nearly complete, the glass vessel 
and its contents were removed, and, with , a view to fix 
and harden the coagulum, the glass vessel was placed in 
boiling water, which was renewed at short intervals, carefully 
preventing the Water from coming in contact with the bloodi 
Tins process melted the injection that had not passed into the 
coaguluha, andallpii^dof its bein^ipoured off. The coagulunrt 
even hbW was by tiol means very firm, but capable of sup- 
^pqrting itself ; a flat piece of glass. 

To hPiake it dry mbre r^^dily* atid to prevent its going, ihtio 
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putrefaction, after having stood six liours, it was divided into 
slices half an inch thick. Forty-eight hours after it had been 
injected, I examined it with Mr. Bauer, and found its internal 
substance very minutely injected, there being only two small 
bursts of extravasation, each the size of a pea. Mr. Bauer’s 
drawings of the appearance the injection put on immediately 
under the surface of the coagulum, and upon the cut edge of 
one of the sections, are annexed, and require little description, 
so perfectly do they represent the objects from which they 
were taken. I was assisted in this and the other experiments 
by Mr. Clift and Mr. Gatcombe. This experiment de- 
cides the question respecting the structure of the net-work ; 
since now the channels are filled with injection, their shape, 
size, and mode of ramification admit of every one examining 
them for himself ; and one of the slices of the coagulum, 
in which this structure is seen, I have been able to pre- 
seiwe in spirit, and two others in oil of turpentine, so that 
the originals, as well as the drawings, arc brought before 
the Society.* As the injection could only fill the spaces from 
which the carbonic acid gas was extracted, it cannot be 
doubted that the channels were formed by the gas. 

Having brought these facts in proof of channels being 
formed in coagulated blood out of the body , and of their 
depending upon the evolyement of the carbonic acid gas 
contained in the blood, it next became necessary to ascertain 
of blood deposited in the abdomen nndep- 
p change. To determine this point, I wounded 

' .themesentenc, '.artery pf .■ e 

''blood,’aa(i “'bne'Cf tfrtenll 

' .iilooB,' th'e; Royal CoStege of -'SargiBons in' Xin* 
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rabbit, and the wound in the abdomen being closed, this 
small artery was allowed to bleed into the general cavity. 
In 48 hours the animal was pithed, and the arteries of the 
abdominal viscera were injected by the common minute 
injection coloured by Vermillion. The cavity of the belly 
was then opened ; it was in a perfectly natural state ; there 
were no adhesions of parts ; the small intestines were 
very vascular, and the vessels minutely injected. No 
serum was met with, and no large coagula of blood. One 
very small one was found lying upon the peritonaeum in the 
right, iliac region, and adhering to it in parts, but not by the 
whole surface of contact. This coagulum was evidently in- 
jected, and the only one I particularly examined, as there only 
remained one or two smaller coagula lying upon a portion 
of the intestinum ilium. All the rest of the blood that had 
been elfused was absorbed. A drawing taken from this coa- 
giilum in the microscope, by Mr. Bauer, is annexed. He 
has shown the small arteries of the peritonaeum entering the 
channels in the coagulum, which are larger than the arteries 
with which this communication has been formed ; their ap- 
pearance is also very different from that of arteries j: they 
seem to have been over Jiitended by the injection, and not 
to have acquired a regular form : there are three or four 
points of communication laterally between the channels in the 
coagulum and the arteries of the peritcaiaeum*, and it would 
appear that = there is another communication immediately 
behind the centre of the coagulufh. In all Of these points,, 
the snialltiess of the arteries, when compared with the chan- 
theihselves, is e^uaily disd^^ Plate XII. 

f this injected Coagulum put on, brougj^t^tri- 
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my recollection a preparation I had made in the year 1788, 
in which a small pedicle of coagulable lymph adhered to 
the surface of a portion of intestine, and had become vascular 
in less than twenty-nine hours, since the person died in that 
period after the operation for the strangulated hernia, and the 
intestine, when returned, had the natural polish on its surface. 

I had succeeded in injecting the arteries leading to it. An 
account of 'this case is published in the Appendix to my work 
upon Ulcers, and a drawing from the preparation is engraved 
in Mr. Hunter's work upon the Blood, Inflammation, and 
Gun-shot Wounds, but from not being magnified, the parts 
are indisti^ictly seen. 

I requested Mr. Bauer to examine this preparation, which 
is preserved in the Hunterian Collection of Morbid Ana- 
tomy, and to make a magnified drawing of it upon nearly 
the same scale as that of the coagulura of blood, to show 
the difference, if there is any, between the appearance of 
the channels formed in exuded coagulable lymph, and extra- 
vasated blood. He has done so ; and they corre.spond in the 
most essential particular, whicli is that the canal in the coa- 
gulura is larger in diameter than the artery by which it is 
supplied with blood. His drawin annexed. Plate XIII. 

By this means I have been enabled to present to the Society 
the appearance these channels put on, both in coagula of blood 
extrayasated in the cavities of living animal bodies, and in 
e^udatiCnS; ^ nearly the shortest possi- 

^ the,. Huntewan ' Collection , of a 
:ip<m;th€;tei5ticle,,of .considerable 
^Wfbuhding an, artery in , .tapping 
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a hydrocele ; and from the circumstance of the testicle being 
extirpated a month afterwards, it was ascertained that the 
coagulum had remained there four weeks before the extirpa- 
tion. The parts, immediately after the operation, were injected 
by Mr. Hunter, and the coagulum was found to be vascular. 
This is the most satisfactory proof of coagulated blood hav- 
ing vessels Mr. Hunter had met with. He has given several 
engravings of the coagulum, in his work on the Blood ; 
but, from Mr. Bell not having Mr. Bauer’s knowledge of 
drawing such objects in a magnified state, little informa- 
tion is to be received from an examination of the engrav- 
ings. It occurred to me, that by a re-examination of this 
preparation, and putting a thin section of the coagulum, con- 
tinuing the section into the substance of the testicle on which 
it lay, into the hands of Mr. Bauer, he might be able to 
make a magnified drawing of the parts, which would enable 
me to show, by comparing this drawing with the others, 
what changes are produced in the appearance of the channels, 
after they have for so long a time received the circulating 
blood; and whether the arteries by which they are sup- 
. plied, had enlarged sufficiently to convert them into subor- 
diiiate branches. The passages or channels originally formed 
by the extrication of the carbonic acid gas, were now found 
to have acquired a distinct coat, that admitted of being se- 
parated, from the surrounding parts, showing them to be 
formed into regular tubes, but they still remained larger 
than the branches of the arteries by which they were supplied 
with blood, as will be seen by inspecting Plate XIV. 

As the globules of pus are sinailar tp those of the bipod, I 
made experiments upon the fluid in which they are suspendedt ; 

■'MPcpcxvni.' C c - : ■ 
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ftiid found inspissation produce the same effect on it, as coa- 
gulation does on the other; that a similar net- work Is formed, 
and apparently by the same means, since if pus is deprived 
of its carbonic acid gas (of which it contains a large quan- 
tity) by exhaustion in the air pump, no such net-work takes 
place. 

This is a fact of considerable importance in practical sur- 
gery, for since we now know that inspissated pus can become 
vascular, similar to coagulated blood, we have arrived at the 
principle on which granulations are formed, and from whence 
they derive the power of contraction, w'hich is found to be 
inherent in them ; we also can account for the great advan- 
tage of compression upon the surface of sores ; since by that 
means all the superfluous pus is removed, leaving only 
enough for inspissation, in which state the carbonic acid gas 
is extricated, forming channels so as to admit of its becoming 
afterwards vascular, and then taking on the form of healthy 
granulations. 

EXPLANATION OF THE PLATES. 

Plate Vllt. 

This plate contains six figures ; in three of these the glo- 
bules of the human blood are shown under dilEFerent circum- 
stances. In the three others are represented different views 
the smallest fibre to* which a muscle has been reduced in 
;yfii%;feei4'#the microsco^ - 

7^03|i|^.iir^«»;^^:globules •enveloped -in 'their-: -colouring 

: micrometer, ^ a ■ superfides- of 
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Fig. 2. Shows that when the colouring matter is removed, 
25 globules occupy the same space. 

Fig. g. Shews that the globules, deprived of their colour- 
ing matter, and allowed to float in the coloured serum, when 
once in contact, appear to adhere in a manner not seen 
to take place when the globules are enveloped in the colour- 
ing matter. 

These three figures are magnified 4,00 diameters, or 160,000 
superficies. 

Fig. 4. Muscular fibres from the thigh of a boiled chicken 
magnified 400 diameters, or 40,000 superficies. 

Fig. 5. One single fibre. 

Fig. 6. A fibre to shew a variety in its form. 

The two last figures are magnified 400 diameters, or 
460,000 superficies. 

These fibres in their diameter correspond nearly with the 
globules of the human blood, deprived of their colouring 
matter. 

Plate IX. 

Represents- the appearance which a drop of blood puts on 
immediately after it has been taken from the arm into a 
watch glass, and magnified 25 diameters, or 625 superficies. 

That this appearance is produced by the carbonic acid gas, 
which is separated from the blood in the act of coagulation, is 
proved by fio siich appearance being met with when that gas 
has "been previbiisly 'rentKJved by exhausting the blood in an 
air pump. 
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Plate X. 

Represents the same appearance magnified 200 diameters 
or 40,000 superficies, and shows that the globules of the 
blood take no part in forming it. 


Plate XL 


Represents a portion of coagulated blood injected under 
the receiver of the air pump, with the common minute 
injection, coloured by vermilion, by exhausting the coa- 
gulum of its carbonic acid gas, and the injection taking its 
place. 

This plate contains two figures ; Fig. 1 shows the course 
of the injection immediately under the pellicle which forms 
upon the surface of the coagulum : this is every where hori< 
zontal ; for as the carbonic acid gas had no means of escape 
upwards, it Was forced to move in an horizontal direction. 
Fig. a shows the injected part of the coagulum exposed 
in a section, rather oblique than vertical, in consequence of 
the coagulum being too soft to admit of the section being 
more direct. The drawing was made before a pellicle had 
formed upon the cut surface, which, had it taken place, would 
, have, rendered the surface opaque. The course of the injec- 
tion is seen through the semi-transparent coagulum for some 
way into its substance. , The round points are sections of 
l^ipps; pfjnj had- followed a horizontal course# 

diameters, or 344 superficies. 
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Plate XII. 

Represents a small coagulum injected with coloured injec- 
tion, from the arteries of the neighbouring parts. The 
coagulum was formed in consequence of an haemorrhage 
from one of the smaller branches of the mesenteric artery, 
and was deposited upon the peritonaeum, near the right groin, 
only 4 j 8 hours before death. It is worthy of observation, that 
the arteries through which the injection passed to the coagu- 
lum, are much smaller than the channels in the coagulum, 
and these channels are largest in the middle. 

The coagulum extends through the whole breadth of the 
drawing, and the small arteries from the peritonaeum open 
into its substance in several points. The parts are magnified 
35 diameters, or 1335 superficies. 

Plate XIII. 

Represents a portion of human intestine, to which a small 
exudation of coagulable lymph is attached. This is injected 
from a small artery on the external surface of the intestine, 
less in diameter than the canal formed in the coagulum. 

The opaque bodies lying upon the vein, and' close to the 
pendulous coagulum, are uninjected portions of coagulable 
lymph. 

The parts are magnified 13 diameters^ or 144, superficies. 

r:Z' ;'"plate XIV. ' ' 

This plate represeiifts 4 section of a coagulum of blood that 
bad remained in contact with thatf portion of the tunica 
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nalis which is attached to the body of the testicle, for a month 
before death, and had been afterwards injected With coloured 
minute injection from the spermatic artery. 

The parts are magnified 35 diameters, or issj superficies. 

The outline of the section of the body of the testicle on 
which the coagulum lies, and to which it is attached, is dis- 
tinctly marked, and the. exhalant arteries from the cover- 
ing formed by the tunica vaginalis, are found to be very 
small, and in 50 proportion to any part of the tubes 
in^ the coagulum with which they have opened a commu- 
nication. 

The canals, in this coagulum have acquired a regular shape, 
haying undergone considerable changes since their first for- 
motion, ythich gives, them a much nearer approach in appear-, 
ance to the ramifications of arteries. TChey have acquired, 
^golar coats distinct irpm the parts by Which they are sur- 
rpimded.'''^ 
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XIII. On the laws of polarisation and double reJrcdMon in regu~ 
larly crystallized bodies. By David Brewster, LL.D. P. R, S, 
LoTid. and Edin. In a letter to the Right Hoh. Sir Joseph 
Banks, Bart. G.C. B. P.R. S. 

Read January 15th, 1818. 

VenlaWg June 1, 1817. 

DEAR SIR, 

In the difierent memoirs which you hav6 done me the 
honour of submitting to the Royal Society , I have considered 
principally those branches of the polarisation of light which 
relate to the superficial action, or the superinduced properties 
of uncrystallized bodies. In the course of these enquirfesi 
my attention was frequently directed to the phenomena of 
regular crystals ; but from the difficulty of procuring proper 
specimens, and the extreme perplexity of the subject, it was 
not till lately that I succeeded in reducing under a general 
principle all the cbmplex appearances which result from the 
combined action of more than one axis of double refraction;- 
Before I proceed to trace the steps which have conducted 
me to this general law, I niust entreat the indulgence of the 
Society, while I attempt to ^ve a brief and rapid view of the 
present state bur knowledge respecting the laws of double 
refaction. , They wdl thus be able to appreciate more cor-^ 
reedy the relative value of those succe^sdvei generalisatioais 
by wMch this sapject has been raised tq one of thq ia^ 
int^s^g deparrih^^s 
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Dr. Thomas Young was the first person who directed the 
attention of philosophers to the perfect agreement between 
the beautiful theory of Huygens, and the double refraction 
of light as exhibited in calcareous spar, (see Phil. Trans. 
i8oe, p. 45). The experiments of Dr. Wollaston afforded 
additional evidence of its exactness, and the more numerous 
and diversified observations of Malus raised it to the rank 
of a general principle, which represented all the phenomena 
hi the most accurate manner. About the same time, M. 
Laplace attempted to refer the deviation of the extraordinary 
ray to the action of those attractive and repulsive forces by 
which the ordinary refraction and reflection of light are 
produced. In this theory the aberration of the extraor- 
dinary ray is explained by a repulsive force emanating 
from the short diagonal of the rhomb of calcareous spar, 
or the axis of extraordinary refraction ; and it is shown 
that the difference of the squares of the velocities of the 
brdinary and extraordinary ray is proportional to the square 
of the sine of the angle which this last ray forms with the 
axis.; and that this difference represents that of the action of 
the crystal upon the two kinds of rays. Laplace then 
demonstrates that the principle of Fermat, and the principle 
of least action lead to the law of Huygens, provided that in 
the principle <jf Fermat the radius of the ellipsoid is taken tq 
flpepfesent the velocity^ while in the principle of least action it 
is' made to represent the time in which light describes a 
ceiifejn space taken for . un^^ .. 

will no doubt be received by philosophers . 
; genius of its author j bat wMle it is 
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thus received, we ought carefully to consider whether theHuY- 
GENi AN law, upon which it rests, is the universal law of double 
refraction, or merely an elegant and correct expression of 
the individual phenomena of calcareous spar. Because this 
law represents with accuracy the action of a single crystal, is 
it thence to be presumed that all the other transparent 
crystals of the mineral kingdom possess the same structure, 
and exhibit the same series of appearances • as calcareous 
spar ? We venture to say that such a conclusion is scarcely 
possible in the present state of science ; and that if it should 
happen to have been rashly drawn, it could not be delibe- 
rately supported by any one who is imbued with the cautious 
spirit of the inductive philosophy. 

It will be replied, however, to this question, that Malus 
has examined, with the utmost care, the ptoperties of quartz, 
arragonite, and sulphate of barytes; that he has demonstrated 
the identity of their action with that of calcareous spar ; and 
that the extension of the law of Huygens to other crystallized 
bodies can no longer be doubtful. This reply would have 
possessed considerable weight, had the alledged identity of 
action been satisfactorily established ; but the experiments of 
Malus are decidedly erroneous, for out of the three crystals, 
the identity of whose action with that of calcareous spar he 
is supposed to have demonstrated, no fewer than twd have 
more than one axis of double refraction. 

Here then is a difiSculty of an unexpected kind ; for if the 
experiments of Malus on these crystals are set aside as in- 
correct, what confidence can we place in his observations on 
calcareous spar, upon Which the truth of the HoYGENiAN law 
is founded X If nitre and arragonite, both of which have a. 

MDGCOXVill. D.d ” r 
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powerful double refraction, had, in place of calcareous spar, 
been put into the hands of Huygens, Dr. Wollaston, or 
Malus, or of any other philosopher, however skilful, it is 
demonstrable that their measurements would have accorded 
with the theory of spheroidal undulations. Laplace would 
have connected this theory with the principles of mechanics, 
and it would have been universally received as a rigorously 
physical law. Yet after all this display of experimental and 
mathematical genius, the whole investigation would have 
turned out a delusion ; for it can be shown, by decisive expe- 
riments, that both nitre and arragonite have two axes of 
double refraction ; and that the aberration of the extraordi- 
nary ray cannot be explained by a single ellipsoid. 

From these observations, therefore, we conceive it to be 
proved, not only tiiat the Huygenian law remains undemon- 
strated as the;^ .g^eral law of double refraction ; but that it 
remains undemonstrated as a correct expression of the indi- 
vidual phenomena of calcareous spar. 

How then, it will be asked, are we to determine the law of 
extraordinary refi’action, if the best experiments of our most 
eminent philosophers are set aside as insufficient ? This can 
only be done in two ways, either by the discovery of hew 
methods of magnifying and measuring with great exactness 
the deviation of the extraordinary ray, when the light passes 
near the axis of a crystal i or what is more practicable and 
eofrecf, by examining the appearances which are exhibited 
transmitting polarisied light along the real or apparent 
';ife4ei;iif;donble,ieftd , 

disobveredj,' 'tiiat, ■^Vheri 

'tldn-'pMtes of ^sulphate 
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of lime and mica, and afterwards analysed with a prism of 
calcareous spar, they exhibited the most beautiful comple- 
mentary colours. Without knowing what had been done by 
M. Arago, the same discovery was made by me in 181s ; 
but though the general fact which each of us discovered was 
the same, yet I had the good fortune, by a peculiar mode of 
observation, to examine the phenomena seen along the real 
or apparent axes of crystals, and have thus been led to the 
results contained in the following paper,-— results which, as 
will be seen in the sequel, could not possibly have been 
obtained by the mode of observation employed by M. Arago, 
and afterwards by M. Biot. 

The last of these philosophers has examined this class of 
phenomena with singular diligence and ingenuity. By a 
series of fine experiments, he has established , many funda- 
mental points in the science, and has associated his name 
with this branch of physics, as one of its most distinguished 
and successful cultivators. ^The crystals which M. Biot 
examined were 

Calcareous spar. 

Rock crystal. 

Beryl. 

Phosphate of lime. 

But his experiments for investigating the laws of moveable 
polarisation were principally made with sulphate of lime ^ on 
account of its perfect transparency, and the facility with 
which it can be separated into thin plates. The general 
result of these experiments is, lhat ail the preceding crystals, 
with the single exception of certain specimens of mica, have 


Tourmaline. Sulphate of lime. 

Feld-spar. Sulphate of barytes. 

Arragonite. Sulphate of strontian. 

Topaz. Mica, 
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only one axis of double refraction from which the polarising 
force emanates ; that all crystals are divisible into two 
classes, namely, attractive and repulsive ; and that the latvs 
investigated for sulphate of lime, abstracting the effects of 
certain secondary forces, are the general laws of polarisation 
for all other crystals.* 

This view' of the laws of polarisation, though deduced from 
ingenious investigations, and by methods which exhibit the 
finest talents for physical research, is incompatible with the 
experiments and observations contained in the following pa- 
per. No fewer than seven out of the twelve minerals employed 
by M. Biot, have two or more axes of double refraction. 
Sulphate of lime itself belongs to this number ; and all 
the irregularities of its action, which M. Biot has repre- 
sented by empirical formute, are the legitimate and calcu- 
lable results of two rectangular axes. The division of 
crystals into attractive and repulsive, and the reference of 
the phenomena of mica to twc^repulsive axes, whose inten- 
sities are as loo to 677, will also be found to be entirely 
hypothetical. 

From this slight sketch of the present state of the science, 
it will be readily seen that the process of generalisation, 
however ingeniously it has been managed, has been carried 
on too rapidly, and has far outrun the progress of observa- 
tion and experiment. In attempting, therefore, to establish 
new sand more general laws, I began my researches by laying 
i* hroad foundation pf facts, : One hundred and sixty^five 
subjected to exaitiination. In 165 of these, I have 
of- doidjle^refractitm.’dn' about- TOO, I 

■ ’'^'v de torot-iyi p.' ' 
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have been able to ascertain whether they have one or more 
axes ; and by examining and measuring the tints which they 
exhibit at various angular distances from the axes whence 
the forces emanate, I have been led to a general principle 
which embraces all the phenomena, and extends to the most 
complex, as well as to the most simple developement of the 
polarising forces. This general principle is in no respect an 
empirical expression of the facts which it represents, nor is it 
supported by any empirical data. Founded on the principles 
of mechanics, it is a law rigorously physical, and enables us 
to calculate all the tints, &c. of the coloured rings, and all 
the phenomena of double refraction, with as much accuracy 
as we can compute the motions and positions of the heavenly 
bodies. 

In the course of researches embracing the examination of 
such a great number of crystals, it was natural to expect that 
many new facts would present themselves that were but 
slightly connected with the general object of investigation. 
The phenomena of this kind, which I have had the good 
fortune to observe, comprehend several new properties of 
light, and of crystallized bodies, which I shall lay before the 
Society in a series of separate communications. 

Section I. On the crystals which produce double reJractio?i. 

The property of double refraction was observed by the 
Abbe }iiKXSY in twenty crystallized substances.* _ Malus has 
given a list of nmeteen '^ovhXy refracting crystals, embracing 

" * Tmiti it ^^01. 
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all the bodies in Hauy’s table, except topaz, which he has ac- 
cidentally omitted,* 

The faculty of depolarisation, which I have explained in a 
former paperj-f has been considered as a sufficient indication 
of the existence of two separate images ; and upon this prin- 
ciple it has been, stated, that all crystals have the property of 
double refraction, whose primitive form is neither the cube 
nor the regular octohedron.J This statement, however, is 
by no means correct, for the rhomboido-dodecahedral crys- 
tals ought also to have been excepted ; and I have besides 
shown., by numerous experiments, that almost all the crystals 
which have these forms, exhibit an imperfect doubly refrac- 
ting structure, which some of them possess to a very consi- 
derable degree. But admitting the statement to be unex- 
ceptionable, it could never have been used as a rule for 
determining whether a crystal refracts doubly or singly ; for 
it is much more difficult to detect the primitive form of a 
crystal, than to examine, by direct experiments, its optical 
properties. Tungstate of lime, for example, would have 
been reckoned a crystal without double refraction, when 
Hauy believed its primitive form to be the cube, although it 
possesses this property in a very high degree. 

In order, therefore, to determine whether crystals have the 
property of double or of single refraction, we must ascertain 
by direct Observation, if they form two images, or possess 
the property of regular depolarisation, , In this Way I have 
drained the results in the following table ; but as the exist- 

iSio. f PbU.Trma. t^is, p,27. 
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ence of two separate images is the only correct and infallible 
test of double refraction, I have employed it for the greater 
part of the substances in the table. When a crystal possesses 
the property of depolarising light, it only proves that it forms 
two pencils polarised in opposite planes ; though there can be 
little doubt that one of them is subject to the extraordinary 
law of refraction. 


Table of doubly refracting crystals. 


Chromate of lead 

Tourmaline 

Carbonate of lead 

Rubellite 

Tungstate of lime 

25 Quartz 

Carbonate of potash 

Agate 

Nitrate of potash 

Dichroite 

Calcareous spar 

Bitter spar 

Arragonite 

Apatite 

Zircon 

30 Idocrase 

Sulphur 

Mica 

10 Acetate of lead 

Lepidolite 

Acetate of nickel 

Talc 

Ruby 

Indurated talc 

Sapphire 

35 Chlorite 

Corundum 

Kyanite 

iS Beryl 

Stilbite 

Emerald 

Cubizite 

Cymophane 

Apophyllite • 

Peridot 

4P Prehnite 

Epidote 

Hydrate of magnesia 

so Euclase 

barytes 

■ ■'Topaz'; 

strontites 

, Pycrdte-'/. 

Feldspar • 
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45 Mellite 
Realgar 

Native orpiment 
Ruby silver 
Actynolite 
50 Anhydrite 
Litharge 
Cinnabar 

Tincal, or native borax 
Borate of soda 
55 Mesotype 
Sphene 
Harmotome 
Made 
Nepheline 
60 Augite 
Datolit 
Wavellite 
Calamine 
Anthophyllite 
6 $ Laumonite 
Titanite 
Asbestos 
Serpentine 
St^tite 
70 Diopside 

StRurotide , V 
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Spodumene 
Tabular spar 
Benzoic acid 
Oxalic acid 
80 Citric acid 
Tartaric acid 
Boracic acid 
Phosphoric acid 
Succinic acid 
85 Chromic acid 
Cryolite 

Benzoate of ammonia 
Sulphate of cobalt 

— lead 

90 .iron 

— - zinc 

— ■ copper 

copper and iron 

nickel 

barytes 

strontites ■ 

lime 

— magnesia 

' potash 

100— ———soda 

— ammonia 

— — «— magnesia and 

■ " , ' soda -■ , ' -"'f' I , ' 

Carbonate of copper ; 
' ^. .l^rytes 

to g ■ ' strontites 
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Carbonate of soda 

ammonia 

— copper 

Muriate of mercury 

1 10 gold 

silver 

— ■ copper 

iron 

— — — lead 

115 — magnesia 

lime 

barytes 

strontites 

Nitrate of silver 

120 copper 

■ zinc 

bismuth 

mercury 

ammonia 

125 — lime 

strontites 

soda 

magnesia and 

ammonia 

Acetate super of copper 

130 r— super of copper 

and lime ' 

. . ' ; — ^ — r- zidc'.-V. 

- soda*. ' ' . ■ 

I - . ' potash' 
iCDcecxvin. Ee 


Phosphate of iron 

135 — copper 

lead 

— ^ — soda 

sub of potash 

Arseniate of lead 

140 iron 

copper 

potash 

~ Tartrate of potash 

potash and soda 

145 super of potash 

potash and an- 
timony 

Oxalate of ammonia 
Superoxalate of potash 
Prussiaie of potash 
1 50 Hyperoxy muriate of 
potash 

Oxy muriate of mercury 

Calomel 

Mother of pearl 

Ice 

155 Camphor 
Sugar 

Crystallized Cheltenham 
, ;;salts, ' . . ; , ; 

Murip-sulphate of iron 
and magnesia 
Emerald copper 
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160 Muriate of lead manganese 

Sulphate of ammonia and - alumine 

magnesia Specular iron 

red oxide of 16$ Pargasite 

Section II. On crystals with one apparent axis of 
polarisation. 

Having thus distinguished the crystals which possess 
double refraction, from those which are destitute of this pro- 
perty, we shall now proceed to determine their optical 
structure, or to ascertain whether the forces which act upon 
the extraordinary ray emanate from one or more axes. 

If we transmit polarised light through any of the parallel 
surfaces of the primitive hexaedral prism of a crystal of 
beryl, and analyse the emergent pencil by a prism of calca- 
reous spar, having its principal section placed either parallel 
or perpendicular to the plane of prinutive polarisation, it will 
be found that, when the axes of the prism of beryl is inclined 
45 ° to the plane of primitive polarisation, the vanished image 
is restored. If the thickness of the crystal exceeds 0.035 of 
an inch, the restored light will be nearly white. 

But if the polarised light is transmitted along the axis of 
the prism of beryl, there will be seen a series of beautiful 
circular concentric rings whose centre is the intersection of 
the arms of a dark rectangular cross, and containing all the' 
lints in Newton's table of the colours of thin plates. These 
rings, which me shown in Plate xv. fig. 1, increase in diam^er 
: prism is diminished ; hut they may be 

the'' longest prism- we 
' of 'l^i^lhy-ti^smitting 
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the common light through two surfaces very much inclined, 
it will be seen that the separation of the two images is a 
maximum, when the transmitted ray is perpendicular to the 
axis of the prism, and that the two images gradually coalesce 
into one, as the transmitted ray becomes parallel to the axis. 
The axis of the prism, therefore, is the apparent aids of 
double refraction, and likewise the axis of the system of 
rings shown in fig. i. Hence we conclude that beryl has 
one apparent axis of extraordinary refracfion, and one appa- 
rent axis 6f polarisation which are coincident. The same 
property of producing the rings in fig. i, I have discovered 
in the following crystals. 


A list of crystals with one apparent aads of double r fraction 

and polarisation. 


Beryl, emerald 

Calcareous spar, bitter spar 
Sapphire, ruby 


Muriate of strontian 

15 Apophyllite 

Nitrate of soda 


Rubeliite, tourmaline 


Subphosphate of potash 


5 Phosphate of lime 


Sulphate of nickel (certaia 

eo 

0 

Hydr.'te of !riagnesia 

*t 3 

specimens of) 

l<i 

strontites 

V.S 

ZircoH 


Idocrase 

' ^ 

ao Quartz 

i ^ 

Mellite 

4 55 

Ice 

1 jS 

i 

Ip Nepbeiine 


Super acetate of copper and 

Arseniate of copper 


lime 

0 

Potash 

Muriate of lime 


Sulphate of potash (certain 
specimens of) 

O4 


As several of the crystals contrined in the preceding list 
are not capable of cut mto fa^sparent prisms with 

large refracting angles, it is impossible to ascertain the rela- 
tion l^tween the for<« of double refraqfipn, and the polarising 
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force, by the action of which the coloured rings are produced; 
but, in all those crystals upon which this experiment can be 
made, I have invariably found that the two axes from which 
these forces emanate, are coincident, and that the force which 
produces the deviation of the extraordinary ray increases 
and diminishes with the polarising force which produces the 
coloured rings.* 

In proceeding to examine the nature and properties of the 
coloured rings produced by the different crystals in the table, 
we shall first consider the effect produced by plates, of 
different thicknesses. If we take a rhomboid, of calcareous 
spar, whose principal section is ABC D, fig. 2, and 
cement upon its tw'o surfaces AB,CD, tw'o prisms of flint 
glass, having their sides perpendicular to the principal sec- 
tion, and their refracting angles EBF, GDH, a little greater 
than FB6 which is 45® 23' 26"; and if polarised light is inci- 
dent, perpendicularly upon the surfaces BE,DG, it will be 
transmitted parallel to B^j-f and will exhibit in the most 
beautiful manner the system of coloured rings shown in 

f M. Biot was the first who deduced this conclusion for crystals with one axis 
from experiments on calcareous spar and rock crystal ; but it could not be considered 
as a general fact when drawn from such a smal%|Qumber of crystals. It willke seea 
in the sequel of this paper, that I have extended the result to crystals with two axes, 
and have thus established it as a general principle. 

t This mode of exhibiting tlie jcoloured rings, is greatly superior to the. mode 
emplc^ed by Biot, of grinding down the .solid angles at B arid D. Beside the 
advantage of procuring the greatest possible thickness from a given rhomboid, we 
;^res^ polish of its natural faces, and the thkkriess of crystal through which 
; calculated With the utmost accuracy. ffbiri the thick* 

is,:ako peculiarly favbuisabie:fori‘^^ ^ 

mdfyt yBxm$ 

V other ^ ‘ ’ ‘ 
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iig. 1.^ Let the rhomboid ABCD be now cut into two plates, 
by any line MN, and let the rings, produced by each of the 
plates, be examined separately in the way already described: 
it will then be found that the squares of the diameters of the 
rings are in every case proportional to the numbers which 
represent the corresponding tints in Newton’s table; and 
that the squares of the diameters of similar rings, as pro- 
duced by plates of different thicknesses, are reciprocally 
proportional to the square roots of these thicknesses. These 
two results, which were first obtained by M. Biot, lead to 
the general conclusion that the tints produced at difierent 
inclinations to the axis of the crystal, are to one another, as 
the square of the sine of the angle which the polarised ray 
forms with that axis. This law of the tints for crystals with 
one axis, was deduced by M. Biot from the action of rock 
crystal, as well as calcareous spar; and also from the phe- 
nomena of certain specimens of mica which he supposes to 
have one axis. I have found it perfectly correct in all the 
other crystals contained in the table; and it may therefore 
be considered as a general law, which we may apply with 
confidence in our future researches. 

♦ The system of coloured rings produced by one axis of double rejEtaction, and the 
still more beautiful and complicated system produced by two axes, were discovered 
by me in the year iSi 3. I observed the former in beryl, emerald, ruby. See, and the 
latter in iepasi, mica, and a great variety of other minerals. Dr. Wollastok was the 
first who detected the circular system of rings in Iceland spar, and they were shown 
to me by, that eminent philosppher in July 18x4. in a letter dated Dec. 3, 1815, 
M. Biot announc^ to me, that he had then discovered the circular rings in Iceland 
/spar, and it appears that the same observation was made by M. Seebeck, in Dec. 
18151 these dates, hcwfever^ ai^ nearly a yeat and a half posterior to that of Dr. 
'"W’oti.ASTpK^s experiment* '' '' / ^ 
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In order to apply it however with the utmost simplicity, I 
have found it very convenient to consider every crystal as 
cut into a sphere, one of whose diameters is the axis of double 
refraction, and to suppose that the polarised ray passes 
through the centre of the sphere By this means we have 
no occasion to consider the refractive power of the crystal, 
or the difference of thickness arising from oblique transmis- 
sion ; for the polarised ray is always incident perpendicularly, 
and the thickness of the sphere is every where the same. If 
in this sphere, AB, fig. 3. is the axis of the system of rings, 
then Pp may be called the diameter of no polarisation, or the ap- 
parent axis of double refraction and polarisation ; P and p the poles 
of no polarisation; COD, the equator of maximum polarisation, 
and EF iheisochromatic lines or curves of equal tint. Now, since 
the tint varies as the square of the sine of the angle which 
the transmitted ray forms with the axis P/>, it will be a maxi- 
vmm in every point of the equator COD, and will be repre- 
sented by Sin*. 90P. Hence if ^ be the angle which any other 
diameter EO forms with the axis, the tint at E, and at every 
point of the parallel EF, will be represented by Sin.* <?». By 
determining therefore experimentally the tint t, produced at 
anygiven thickness B,and atanyinclinatibn (p, the maximum 


tint T, for that thickness, will be T = 
sffiy other iJuckness h will be T 5s= x ^ 


and the tint for 




It is obvious 

thiese formuiaa, that any given tmt can be developed at 
Xroip tte merely by yaryihg the 
5 isr|^|tal dr the 4 & - 

find, tb'e’ t|nt:s,„<^,^_spon;4ihs'td'’ 
natural 
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we have only to consider the position of our sphere wthin 
the crystal^ and compute the inclination of the refracted ray 
to the axis. Thus in calcareous spar the axis Vp corresponds 
with the short diagonal AB of the primitive rhomb, as shown 
in fig. 3. In beryl, zircon, sapphire, nibellite, roch crystal, nephe- 
line, idocrase, muriate of lime, super acetate of copper and lime, 
muriate of strontian, &c. it corresponds with the axis of the 
prism in which they generally crystallize ; while in hydrate 
of magnesia, arseniate of copper, &c. it is perpendicular to the 
laminse of which they are composed. 

Although the systems of rings produced by all crystals 
with one axis, exhibit the same tints, and possess the same 
properties, yet those which are produced by the five crystals 
of the negative class, namely, zircon, quartz, ice, super acetate of 
copper and //me, and certain specimens of sulphate of potashtVriiX 
be found to differ in one essential particular from the system 
produced by all the other crystals. If we take two rhomboids 
of calcareous spar and place the one symmetrically on the 
other, the system of rings which they exhibit will be exactly 
the same as would have been produced by one rhomboid, 
whose thickness is equal to the sum of the thicknesses of the 
two which are combined. M. Biot has deduced this result 
from theory, and attempted in vain to confirm it by experi- 
ment s* hilt from the peculiarity of the method of observing 

♦ ysl am$l coujointemcnt les deux plaques dc spath d^lslande d<mt 

douiie plus fiaut l^.epais^urs | et j^ai ea m efffet to foneaux Ken plus petits qua 
p^une $eule d^eotre eOes s xuais la dil&ults ej^dmeut to de ces dei|x 

id^ues m*z empechc de metto dto to expdriento rtoctitude neeessaire pour Jes 
luesuirer. Jtorais voulu atoi to am to citoaux 

nto ai pas eu Pltfsiqu€» tom, m ^ 
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the rings shown in fig. s, I have been able to prove it by 
direct observation. The exact parallelism of the sides of the 
two rhomboids, when their surfaces are not perfectly flat, 
can easily be obtained by separating them with a piece of 
soft wax, and observing the perfect coincidence of the 
reflected images from the two adjacent surfaces ; or by look- 
ing at the system of rings, and altering the position of the 
crystals till they become quite perfect. I have obtained a 
similar result by combining a plate of beryl with a plate of 
calcareous spar, for the system of rings will always be the 
same as would have been produced by two plates of beryl, 
one of which was the plate employed, and the other a plate 
which gave rings of the same size as the plate of calcareous 


spar. 

But when we combine the system of rings produced by a 
crystal of zircon^ &c. with the system produced by calcareous 
spar, a very different effect is produced. The system of rings 
inst^d of being diminished is increased, and is equal to the 
system which would have been produced by a thin plate of 
calcareous spar, whose thickness is equal to tlie difference of 
the thicknesses of the plate of calcareous spar employed, and 
another plate of calcareous spar, that would give rings of the 
same size as those given by the zircon,&c. alone. This result, 
which: I succeeded after much labour in obtaining experimen- 
taily, will also be obtained by substituting ice in place of 


zircbn. 0iartz cannot be employed iri these experiments, as 
j i^e, jsysi^^ of ‘ ting? is^ n^ account of the 

;di§C6vered along tf^''a'xisi:' ^':if 

-fbe biiq;fysfe:m;-^ll'k-be; 'com** 
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pletely obliterated by the other, and the combined crystals 
would exhibit neither double refraction nor polarisation. 
Hence it follows that zircon, quartz, and ice, superacetate of cop- 
per and lime, and certain specimens of sulphate oj potash, form a 
class separate from all the other crystals in our table ; and that 
the polarising force in the one class, is either of an opposite 
nature, or exerted in an opposite direction to the polarising 
force in the other class. This opposition in the action of 
crystals was first observed by M. Biot, in plates cut obliquely 
to the axis ; and by this mode of observation he divided the 
crystals which he examined, into two classes, in the following 
manner : 

BEPirXSIVB CLASS. ATTEACTIVIS CLASS. 

Calcareous spar Rock crystal 

Arragonite Sulphate of lime 

Beryl Sulphate of barytes 

Tourmaline Topaz 

But since the crystals marked in italics haye two or more 
axes of double refraction, and cannot, as we shall afterwards 
show, be ranked in either class, M. Biot’s list, when cor- 
rected,. will stand thus : - 

BEPVXSrVB CLASS. - ATTBACXIVE CLASS. 

Calcareous spar Rock crystal 

■ ' Beryl' : 

Tourmaline 

agreeing, in so fW as it goes, with the more extended table 
which we have already given. Hence it is obvious that M. 
rBrbT could not have jpade^e experiment which he proposes 
to make, at the end of the i^Ssage just quoted; namely, :to 
MEKCCcxvni. ' :F f 
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combine the system of rings formed by the attractive crystals, 
with the system formed by the repulsive ones; for rock 
crystal being the only attractive substance of one axis with 
which he was acquainted, was quite unfit for this purpose, 
from the imperfection of the system of rings which it pro- 
duces. The discovery of the optical structure of zircon* has 
enabled me to perform the experiment with success. 

This opposition of structure between quartz and the other 
four crystals with one axis, contained in M. Biot’s table, is 
ascribed by this eminent philosopher to an opposition in the 
forces which act upon' the extraordinary ray ; and he. consi- 
ders it as an established point, that in rock crystal, the extra- 
ordinary ray is attracted to the axis, while in the other 
crystals it is repelled from it. Hence he has concluded, that 
the phenomena may be represented in the first case by a 
prolate ellipsoid, and in the second case by an oblate ellipsoid 
as Huygens had already shown ; and has thus been led to 
divide crystals into two great classes, attractive and repulsive. 
This division, however, is entirely hypothetical, in so far as 
the polarising, forces is concerned, for it will afterwards be 
shown that the phenomena of rock crystal may be explained , 
by a negative force emanating from two equal ret^angular 
axes, or that the phenomena of the oi^er class may be ex- 
plained by a positive force in a similar manner ; or if we 
prefer the analogies sciences of magnetism and 


!,i;4 of tMs kin4> wiabe^^derstood 

a 'latgeipiece of Vidront 
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electricity present, we may explain the phenomena of both 
classes, by supposing each crystal to be endowed both with 
positive and negative axes. 

In marking, therefore, this difference of action, I have em- 
ployed the terms positive and negative, as denoting merely 
the opposition, and not the nature of the polarising forces. 

Hitherto we have considered the system of coloured rings 
as produced only near the axes of crystals, or as capable of 
being developed at any distance from the axis, merely by 
diminishing the size of the sphere ; but there are two modes 
by which the rings can bfe^ rendered visible at any distance 
from the axis, and with any thickness of crystals. 

If we take a prism of flint glass, with a large refracting 
angle, and examine through it the system of Tings, we shall 
find that instead of nine or ten rings, which are visible with- 
out the prism, we may reckon, by estimation, from 80 to 100 
on that side of the axis towards which the refraction is made. 
This observation is analogous to that of Newton upon the 
rings formed by thin plates, and decidedly proves that the 
coloured tints are actually produced at distances from the 
axis where the phenomena of fixed polarisation are exhibited. 

The other mode of developing the rings at any distance 
from, the axis, and Ayith any thickness of crystal, consists in 
crossihg the tints with plates of rock crystal cut parallel to hs 
axis of double refraction, or with laminse ot . sulphate of lime. 
Ifthe axtsAB,JPI. XY. fig.i, of a plate of rock crystal, having 
such a thickness to produce rid cploured tints, even ait a con- 
siderable obiiquity, is placed ip |he direcdon of a diameter of 
tho rings given by calc^ new system of rings 

vdil be produced at A and B, haying their dehtres kt r Thil 
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point where A,B, crosses the middle ring will be black, 
as the action of the calcareous spar is there exactly counter- 
balanced by the action of the rock crystal. The rings within 
CD, EF will be positive, in consequence of the action of 
the rock crystal predominating, and those without them 
will be negative, in consequence of the action of the cal- 
careous spar predominating. If the plate of rock crystal or 
sulphate of lime produces the rings at a, h, instead of A,B, then 
in the other two quadrants, c, d, the tints will be those which 
are produced by the sum of the actions of the crystals, and 
the tints at c and d will be double of that which is produced 
at these pdints by the calcareous spar alone.* 

One of the most interesting features of the system of 
coloured rings, is the black cross MN, PR, where the two 
arms are exactly at right angles to each other. If the plate 
which produces this system of rings is turned round its axis 
A® rings and the black cross will preserve an invariable 

• The developement of colours by the opposite action of two crystallized plates, 
which are not capable of producing them separately, was first efiected by M, Biot, 
before the discovery of the coloured rings, and by the aid of his divided apparatus } 
but the preceding method of developing the rings by these opposite acfions, is more 
general, and is so extremely simple, that k can be easily done by any person, merely 
by holding the crystals in his hands. The difficulties experienced by M. Biot are 
thus stated by himself ; «Mms telle est I'esactitude qu’fl ffiut mettreS ces recherches 
qoe mes premieres tentatives n’^^^^ aucun succes, parce que je m’^ais borng k 
opemt le Gtdisement ilamain au lieu d’employer ks ajppareils divisfe qui m’avaient 
ia grande 4riergie da spath d’lslande feit ^ue si I’qn s’ccarte !e 

iik polarisation totale ' 
jCtette cau« i^sail atesi plus 
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position, one of the arms, MN, being always in the plane of 
primitive polarisation, and the other, PR, in a plane perpen- 
dicular to it. Hence it follows, that whenever a plane pas- 
sing through the axis of the crystal, is either in the plane of 
primitive polarisation, or perpendicular to it, the extraordi- 
nary pencil or tint disappears. This result wll be found 
correct, whatever be the direction in which the polarised ray 
traverses the crystal, and is therefore the general law of the 
disappearance of the extraordinary pencil for crystals with 
one axis. 

Section 111 . On crystals with two or more axes of polarisation. 

The complicated structure of mica was first discovered in 
1812 by M. Biot and myself, without any knowledge of each 
others observations. M. Biot considered one kind of mica as 
the only mineral known to possess this compound structure, 
indicating the existence of. two axes ; whereas, so early as the 
beginning of 1813, 1 had found the same structure in topaz,* 
nitre, sulphate of potash, tartrate of potash and soda, acetate of 
lead, and mother of pearl ; and I have since discovered that 
this is the general structure of doubly refracting crystals. 

The following is a list of crystals, which I have found to 
possess more than one axis of polarisation and double re- 
fraction. 

Arragonite 5 Stilbite 

Mica Cymopl^e 

Topaz Aximte 

Feldspar OiiymC’.j, ' . ^ 

^ The drawings of the rings , in icffiaz, which I pwbE^ed in the Phil, Trans* for 
i^l4» are an accurate i^presciitafioh the phcaojhena^ yeiy near the resultant axes 
of cry$tds with more than one axis* ^ : 



. .Epidote 

19 Kyanite 
Talc 
Prebnitc 
Dichroite 
Lepldolite 

15 Mother of pearl 
Indurated talc 
Sulphate of lime 
,11, ,,,—111 1 i mi . m .i.. barytes 
— strontian 

20 lead 

■ magnesia 

— - iron 

— — . copper 

copper and iron 

2j .. aounoma 

. , ■n il,,— potash 

soda 

— j ' ^ ' . .'ziac , , „ ' ' 

cobalt 

jQ .1 ■■■ ■ — > . , ammonia and magiesia 

: soda and magnesia 

" , ' ;m;» .'nickel 

' ' manganese 

Carbonate of lead 

35 — soda 

,■■■_ , ,,, ■ ■ ammonia 

— r~ potash 
Nitrate of sUw 

i V .ammonia.'.. 

.-"--r" * ' potash / 

' lime ^ " 

‘ bismuth , 


Nitrate of copper 
Borax of the shops 
Tartaric acid 
Citric acid 

Hyper- oxymuriatc of potash 
Phosphate of soda 
Prussiate of potash 
Tartrate of potash and soda 
Oxalate of ammonia 
Super-oxalate of potash 
Crystallized Cheltenham salts 
Rhomboidal salt 

Murio«siilphate of magnesia and Iron 
Benzoate of ammonia 
60 Mesotype 
Oxalic acid 
Chromic acid 
Muriate of barytes 

mercury 

6 j magnesia 

copper 

Sulphur 

Hydrate of barytes 
Super-tartrate of potash 
70 Tartrate of potash 

"■ ■■■ ■ « ■ -.potash and antimony 

Boracic acid ' 

Succinic acid 
Chromate ofiead 
75 Dialiage - " 

Spodumene , 

Tincal or native borax 
Anhydnte 

^ ‘ Su^ ' ' 

, , Bo- 'Aicetate^of lead , ; - 
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By examining the preceding list, and comparing it with 
the list of crystals that have one axis, we inay conclude, 

1st, that the combinations of sulphuric and tartaric acid 
with earthy, alkaline, and metallic bases, have two or more 
axes of double refraction, 

end, that as only about 23 crystals have one apparent axis 
of double refraction, while more than 80 have two axes, and as 
the phenomena^ of these 23 crystals can be referred to two 
axes, as will afterwards be shown, the general laws of polari- 
sation and double refraction remain yet to be investigated by 
experiment. 

If we compare the minerals in the preceding list with the 
most recent table Of primitive forms,* it will be found that 
there is a connection by no means equivocal between the 
primitive form of a crystal and the number of its axes of ex- 
traordinary refraction. In order to estabnsh this curious 
result, I have drawn up the following Table, in which I have 
inserted the names of the minerals and the number of their 
axes opposite to the different primitive forms under which 
they have been classed. 


Taass 

Axes. 


of soda 

Boracite 


Leucito 


-( Aualcime 

^Cabe. 

Aflome 

Phosphate of mamganese 
; andiron ^ 



fMuriate of barytes 
I Sulphate of mapeaa 
Two J Pmmte of potaslx 
Axes. V Mesotype 

I Sulphate of nickel 
zinc 


j Bight qoa- 
i draugulsr 
f prism with a 
I square base. 


* The table of; primitiTC forms which I haye used, is the onedrawn up by Dr. 
-Thomsoh itt riffi Arride fiyysiaf/ogw^yjin theEdiaWghEiBgicbpa^ as itaon- 
taiiis m^y of the ohsemdbns'ioadd by Haux wd Botraxos, smce the publicatiou 
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f Anhydrite 
Cymophane 
iwu ^ Prebnite 
Axes. | Peridot 
I Stilbite 

L Tartrate of potash 

j" Sulphate of strontian 
Sulphate of barytes 
Mica 
Talc 

Two J Spodumene 
Axes. \ Sulphate of soda 

Carbonate of potash 
Tartrate of potash 
soda 

hCitricacid 

f Sulphate of lime 
Axes, ■< 

LAxinite 


I Right qua- 
! drangular 
^prisra with a 
j rectangular 
1 base. 


Right qua- 
y drangular 
prism; base 
a rhomb. 


and 


Two 

Axes. 


Two 

Axes. 


» Borax 


Oxalic add 
Sugar* 

Sulphur 

Acetate of copper 
Tartaric acid 
^Chromate of lead 


Two 

* t Sulphate of copper 


Ok* 

Att%m 


f Calcareous spar 
Bitter spar 
Quartz 
Toumaline* 


Right qua- 
drangular 
prism ; 
base an ob- 
lique paral- 
lelogram. 

|“Oblique qua- 
drangular 
prism with a 
rectangular 
. base. 

Oblique qua- 
, drangular 
prism; base 
a rhomb* 

"Oblique qua- 
drangular 
prism; base 
an oblique 
, paraKel- 
t ogram. 

1 Rhomboid 
with m ob* 
tuse sunamit 


Two 


> Sulphate of iron 


Axes, 


One 

Axis* 


Arseniate of copper 

Apatite 

Beryl 

Emerald 

Nepheline 

Sapphire 

.Ruby 


Three f Garnet 
Axes. \ Blende 


One & 
Two 
Axes. 


Sulphate of potash 

^Fluor spar 
Muriate of ammonia 
Three j Alum 
Axes. ' J Spinelle ruby 
'■ Pleonaste 
Diamond 
Ruby copper 
Nitrate of lead 

fNitrate of potash 
I Sulphate of soda 
Two i Arragomte’^ 

Axes, j Topaz 

j Carbonate of leadt 
of lead 


fZircon 
^ 1 Mellite 

.( Idocrase 
jApophyliite 
CArseniate of potash 


Two 


Ax^«* / 


ICarbonate of soda 


r Knomboio 
4 with an acute 
[ summit. 


I Regularhex- 
raedral prism. 


fRhomboidal 
< dodecahe- 
t dron. 

Bipyrami- 
dal dode- 
cahedron. 


^ Regular 
* Octohedron* 


Octohedron 
in which the 
■ pyramids* 
have a rec- 


Octohedron 
; in which the 
pyramids 


i 


Octohedron 
in which the 
pyramids 
havearhomb 
for their 
base* 
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It appears from the slightest examination of the preceding 
Table, that all the crystals wdth one, two, or three axes, range 
themselves under their particular primitive forms, and that 
the only exceptions to this general fact, are Idocrase and Apo~ 
phyllite, which "we have no doubt will be found to have pri- 
mitive forms, different from those assigned to them by Hauy. 
All the crystals with one axis have for their primitive forms 
a hexaedral prism, a rhomboid with an obtuse summit, and 
an octohedron in which the pyramids have a square base. 
All the crystals with three axes, have the cube, the regular 
octohedron, and the rhomboidal dodecahedron for their pri- 
mitive forms ; and all the crystals with two axes, crystallize 
in the various other forms given in the Table. 

Hence we are furnished with the means of deducing the 
number of axes in crystals from their primitive form, and 
of approximating to the primitive form when the number 
of axes is given, by excluding certain other primitive forms 
which belong to a different number of axes. If Hauy and 
Bournon have given these forms correctly for the following 
substances, in which I have not detected the number of 
the axes, they will be arr^ged as in the annexed Table. 

Axis* T«ro Axes. 


Tqiigiitate of lime. 
0 <itoliednte. 

Euby silver. 

Cinnabar. 

5 Carbonate of strontian. 
Dioptase. 

Harmotome., . 

' ' Cbebasie.- 
Cryolite, ,, ; 

10 I 

Qkckl sblphoxib acid* 
: : ■ ^ Cjarbonate; of 

3Vn>CGCXVIlI . 


Euclase. 15 Aisenlate of copper in ob- 

Calamine. tnse octobedrons. 

Corundum. Molybdate of lead. 

StauFotide. Realgar 

5 Datolite. 

Sphene. 

TItanIte* 

^ ' Webieiite.;', " - ; - ^ ; / 

Mciosite. 

‘ Zli;JE^aratitbiiie« ^ ! 

1 Acetate df barytes. ^ 

, \y 

< Aiadbldte of potash. - 
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1 . On the form of the rings or isochromatic curves, and on the 
nature of the tints in crystals with more than one axis. 

We have already seen that when a crystal has only one ap- 
parent axis of double refraction, the isochromatic curves, or 
lines of equal tint are perfect circles having the axis of extra- 
ordinary refraction passing through their centres; but when 
these curves are the result of two separate axes they assume 
the more complicated form represented in PI. XV. fig. 4. 

If we transmit polarised light in every possible direction 
through a crystal, COD o, PL XV. fig. 5, ( which is a section of 
the sphere in Fig. 4, through the great circle CODo,) we shall 
find that there are two diameters P p, l?'p* in which there is 
neither polarisation nor4ouble refraction. To these lines I 
have given the name of resultant axes or diameters of no polarU 
sation, P,P/^,j^^ P 1 .XV. HgSi 4 and 5, being the poles of no 
polarisation. Each of these poles is surrounded with similar 
jse^s. of lings, the tints of which commence at P, P'p, increase 
itowards 0 , C, D.A, and B, and reach their maximum at 
A and B. When the distance PP or the inclination of the 
diameters of no polarisation is considerable, the rings near 
P,P are almost Circular, but the circularitj soon ^ases as 
they retsede from the pole. If Pi^ is less than 50, the tints 
at C,I>» .whscll. are always equal* are higher than those at O, 
and when P,Pfe exactly 90®, at D are equal, 

said the rings are symmetrical i1^UIsad P,P^ 
'’:;.^;;;'j^/PP''.^'::aly?ay^^^ the great , ciriede'-A^BI)" 
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Pi. X V . figs. 4 and 5, may be called the meridian of direct polan- 
because the tints ascend directly from O,oto Aand B, and 
the great circle COD 0 the meridian of inverse polarisation^ not 
only because the tints descend from O to P and P, and ascend 
from P to C and from P to D, but because there is a real 
inversion in the character of the tints on each side of PP^* 

In mica, i&paz, and other crystals, where the distance PP' 
is 45* and upwards, the system of rings represented in PI. XV. 
fig. 4, Cannot easily be seen at once; but in nitre zrA oth^ 
crystals where PP is ^'‘ery small, the whole system is finely 
developed, and every individual curve may be examined with 
attention. 

In order to observe these rings to advantage, let a plat© df 
nitre ACBD, Pi. XV. fig. 6, about t|- tt thick; 

be cut perpendicular to the axis of the hexaedral prism. If 
this plate is exposed to polarised light, so that either A B 
or CD is in the plane of primitive polarisation ; and if the 
transmitted light is analysed with an achromatic prism of 
calcareous spar> the extraordinary image will exhibit the 
system of rings shown in PI. XVI. fig. 7, while the ortfinary 
one will exhibit a system exactly coaaf^ementary. 

^he poles P,P' of no polarisation, are distant 5^ w'hat- 
evdT-bc the thkkhess of the plate ; and through them passes 
one 6f the branches CD of the rectangular cross A, B,C, D. 
The breadth bf each ring is least l^ween C and P and D 

* The hames given t6 tlie greact have been &awa from 

th^ most protmiE^ elmiactetis Wwa® itt them, ifemes, iaxh 

as the would 

have .preferab^ ,lmd not imolre^ an ; it wiQ ait^wanis be 

nt^ W wcH expl^iwd Tby axes varying both iii 
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and P, and gradually increases towards AB, owing partly to 
the different thicknesses at which the light is transmitted 
through the plate. 

When the plate of nitre is turned round its axis, the black 
cross ABCD immediately breaks up, according to laws which 
will afterwards be explained ; and when AB forms an angle 
of 4^® with the plane of primitive polarisation, the system of 
rings has the appearance shown in PI. XVI. fig. 8. The rings 
themselves have suffered no change by this change of position 
in the plate ; but the black cross is separated into two hyper- 
bolical branches M'P^N^, MPN. When the thickness of the 
plate is above -j^ths of an inch, the portions of the rings 
included between the two hyperbolic branches, are con- 
founded into one .mass of w)iite light, while those between 
C and P, or D and P, are distinctly visible. The concaye 
sides of the hyperbolic branches are strongly fringed with a 
red and yellow colour, while the conyex or inner sHes are 
equally affected with blue rays. By diminishing the thick- 
ness of the plate, the rays gradually appear between the 
hyperbolic branches, but they consist only of pink, and green 
tints, like those in the 5th order of Nrwton’s scale; and 
even when the rings almost cease to appear by a great dimi- 
nution of thictoejssesj, the tints, though at the very com- 
Biencement of the first order,^^ not the same within as 


yvithoutthe poles of npiKslaiisation- In the position of PLXVL 
: ^g.; 7, however, and when the tint at p, in tlje position of PI. ' 
.:l.^^|,:jf^C'Si':|s;only;bluei£^,'id^Vfirstt^rder,,tifisdrriBgula^^ 




p^ijp^tyv This apprpxhniia^^ fhe 
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system shown in PI. XV. fig. i, arises from the great attenua- 
tion of the crystallized plate, which is no longer capable of 
developing the tints between the poles of no polarisation ; and 
it is only from the elliptical form of the curves that w'e can 
in this state recognise the existence of two axes. Even this 
ellipticity will disappear by a farther attenuation of the plate ; 
and the crystal deprived as it were of one of its axes, appears 
to act upon light, exactly like beryl or calcareous spar. 

The phenomena which have now been explained, I have 
found, under various modifications w'hich will afterwards be 
described, in all the crystals that have more than one axis. 
The irregularities in the tints are, in every case, developed by 
increasing the thickness of the plate, and affect the rings 
which are formed at a considerable distance from the poles 
of no polarisation. They are analogous to the tints seen 
along the axis of rock-crystal ; and as the secondary forces 
by which they are produced, conceal the regular action of 
the principal forces, we must abstract these secondary effects 
in determining the law according to which the legitimate 
tints are developed. 

adf. On the character, the number, and the position of the axes, 
by wMch the tints are produced. 

The most important physical circumstance which distin- 
guishes -the system of rings formed by different orystals, is 
the magnitude of the arch PP% or the inclination of the resul- 
tant axeii, or diameters of no polari^tibft ; for if is froih 
angle alone that we Can d^tice the relative intensity of the 
^ ¥|.xes, if we eugppse; them rectangular ; or their mutual 

if we isv^pobe itiim effual and inclined. 
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It Would occupy too much room to detail the various prac- 
tical methods to which I have been obliged to resort in 
determining the position and inclination of the diameters of 
no polarisation. In some crystals this process is sufficiently 
simple, as in topaz, mica, nitre, talc, mother of pearl, prussiate 
of potash &c. but in other crystals it is extremely difficult, 
I®lticularly when the angle of inclination is great, and when 
the specimen is small and its crystalline form indistinct. 

The following table contains this angle for 49 crystals. 
The measures were taken with great care, but some of them 
are only estimated, and others will admit of correction by the 
use of better specimens than those I was able to procure. 


Table inclination of the resultant axes of forty nine 

crystals. 


Snl^hate of xacfcel, certain speci- 
laens - 3 

- 5 

l^trate of potash - 5 

' ^ 7 

5 Afpther of pearl - n 
ilydtafe of baiytes • 13 

Mica,eertdii specimens, about 1 4 

Arragonite - - 18 

Prussiate of potash - 19 

ip Gymophane - - ay 

Borax - - **28 

, Anhyddte ^ - ^8 

Sulphate of .magneda - 37 

‘‘ ' hatyte' '■ ' 37 

15 i! 3 hcd - = aa - 38 

Ifetraie alt 

about, - - 40 



25 Sugar ^ 
o Sulphate of strontites 

1 5 Murio-sulph* magn. and iron 
20 ammon. and magnes. 

24 Phosphate of soda - 

28 30 Sulphate of lime 

18 t>xynitrate of 'silv^ 

o Feldspar * - , 

18 Topaz - - 

34 Sulphate of potash 

St 35 Carbonate Ot soda > 

42 Acetate of lead 

7 . Citric acid - 

24 Tartrate of potash 

4^ Tartimc acid -- 

48 40 Tartrate potash and soda - 
Carbonate Of potash - 
o , Syanite « . 

4^2 Hyper^xyntur* potash - 
^ . Siuriate of copper" - 

;;43 fepMofe aboot - 
".Teridot’ ,, ; 

[ ChelC-^sah? -* 


56 o 

50 2 

51 16 
51 22 
55 20 
60 c 

62 16 

63 Q 

65 o 
67 O 
76 1 

70 25 

70 29 

71 20 

79 o 

80 o 
80 ;3o 
8 x 48 
Up 
84 30 
87 6 
87 56 
8? 14 


Sidphate of irW^ 


^ 9 ^ ^ 
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In examining the preceding table, we cannot fail to be 
struck v/ifh the uniform distribution of the angles oyer the 
quadrant ; a circumstance which contributes to render this 
new property of crystals a most distinct and valuable phy- 
sical character in mineralogy. 

{laving thus determined the angles of the resultant axes, 
vve must now proceed to ascertain the position, tlie number, 
and the relative intensities of the real axes, by the combination 
of whose action the various tints are produced ; and in doing 
this w'e shall take mica as an example. 

M. Biot has announced it as a demonstrated physical 
truth, that mica has two repulsive axes, one in tihe plane of 
the laminze, and the other perpendicular to the laminae ; and 
that the polarising force of the first is to that of the second 
as 100 to 677.* As the experiments from which he deduced 
this system of forces, consist of observations onthe tints, merely 
in the t^^o rectangular directions, AOB, COD, PL XV. fig. 4,, 
we cannot admit them as any thing approaching to evidence 
for the e xclusion which he has drawn ; -for it is possible that 
the tints developed in the four quadrants, ACO, ADO, CBO, 
DBO, may be quite incompatible with such an arrangement' 
I have observed the tints produced by mica in almost evory 
part of the four quadrants ; and it follows from the general 
law of polarisation which I have discovered, that there Is no 
particular system of forces indicated by the phenpm,€ma> but. 

* Tons ces resuhats Btmt enactment cpnfornies a ce. qii’on ob^rve, il est bieii 
vraisembkblt? qiie k systeme des forces poknsa,iites du mica est ainsi combine 5 mais 
poor $hartger C0tie ftSso^0dH m ceriiiud0r '4 exptimfer p^ ie palcal ks effets 

pariil slik i^’uijerpee. 
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that various systems may be proposed M'hich are equally 
consistent with the observed tints. The number and position 
of the axes of mica, the rectangularity of the axes, and the 
nature of the forces which emanate from them, as given by 
M. Biot, are therefore entirely hypothetical results. 

The phenomena of mica may be explained by the follow- 
ing hypothetical arrangements of the axes. 


1. 'Rectangular oiDoes. 


, ist, By two inequal negative axes, Oo, AB, PI. XV. fig. 4,, 
whose relative intensities are as 1 00 to 677. 

fid. By a negative axis Oo, and a positive axis CD, whose 
intensities are as 100 to 173. 

3d, By two inequal positive axes, CD, AB, whose intensities 
are as 100 to 117. 

St, Oblique axes. 

two equal positive axes, RS, TV, inclined to each 
other at an angle of 85® s6' and 


5th, 'Bj two equal negative axes X, Z, inclined to each other 
at an angle of 4,3® 

Hitherto we have supposed that the axes from which the 
forces emanate, are only two in number .; but it will appear 
from a sub^quent part of this paper, that any one axis may 
be resolved into any even or odd number of axes, by which 
the phenomena may be explained. All that we know, in 
is that q cer|ain polansmg 'fqrcb is exerted at a paijiT 
' "b^'ve ; no . means ,,of asceitaimng, m&er: , the 

’whicdt;?^.;is:^he. ie- 
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will afterwards be noticed, (relative principally to the tints, 
and the coincidence between some of the hypothetical axes and 
the principal lines in the crystal,) may lead us to prefer these 
axes to others ; but however plausible the grounds of our 
preference may be, we must take care not to admit these 
hypothetical deductions among the number of demonstrated 
physical truths. 

We have already stated that M. Biot has divided crystals 
into two classes, attractive and repulsive ; and that this di- 
vision is quite hypothetical, even when applied to crystals 
with one axis. To the case of crystals with two axes, the 
classification is wholly inapplicable, for it has been shown, 
that there are no means of ascertaining either the nature, the 
number, or the position of the axes. Still, however, the 
terms positive and negative may, in most cases, be conve- 
niently employed to mark the principal resulting force which 
the crystal exhibits. Thus, if w’e suppose O, PI. xv. fig. 4, which 
is the middle point between the two nearest poles of no polari- 
sation to be the position of the principal axis, then mica will 
be negative, because the tints from O to A, from O to B, from 
Pto C, and from P'to D, have all a negative qha.racter; and 
topaz will be positive, because the same tints have a positive 
character. In the case of crystals, however, where PP is po®, 
even this limited application of the terms negative and posi- 
tive entirely fails, and these crystals cannot be considered 
as belonging to one class more than to another. 

'''Mbeccxviii,, • '-■S'- '.H -h' 
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On the general law of the tints for all crystals with one 


or more axes. 


When a crystal has one axis of double refraction, the 
tints are disposed on the surface of the sphere, in regular 
concentric circles around the real or resultant axes of the 
crystal; and the intensity of the tint at any point of the sphe- 
rical surface, is equal to Sin.*^, (p being the distance of the 
point from the pole of the axis, and the maximum tint in 
the equator of double refraction being considered as unity. 
This value of the tint was deduced by M. Biot, from expe- 
riments on sulphate of lime, rock crystal, Iceland spar, and 
some specimens of mica, before he was acquainted with the 
discovery of the system of concentric rings; but it was 
obviously not entitled to any confidence as a general prin- 
ciple, not only from its having been deduced from such a 
small number of crystals, but from its not representing the 
phenomena in the very crystals from which it was deduced. 
In sulphate of lime, for example, Sin.*<p is every where erro- 
neous as the vsdueof the tints. This error indeed is very small 
in particular azimuths when the distance of the tint from the 
pole, of what M. Biot calls the axis, exceeds 30®, but in other 
azimuths, such as that of 90% the error is enormous, and in 
the gi^ circle passing tihrough the plane of ^e laminae, the 
pheimmena have ik> connection Vrhatever, with this law. 
M. Biot himself perceived the utter ihcompetency of the 
; expresdon Sin. to, re|?^nt ^ in the yerficdl 

^'ahenafions whichi frC-.'bb-- 
. €^jHricsd:^iTBida8. 
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do not at all represent the actual phenomena, for M. Biot 
never made a single observation on the tints in the direction 
of the laminse, the only direction in which they could be in- 
vestigated below 30°, from the supposed pole. Had the ex- 
periments been made in this way, he would have found that 
all the observations, instead of being owing, as he supposes, 
to secondary forces arising from the inequal superposition of 
the laminse, are the legitimate results of two axes of double 
refraction. The experiments of this philosopher upon sul- 
phate of lime must therefore be set aside as incompetent to 
determine the accuracy of Sin.®?>, as the expression of the 
tints in crystals with one axis. 

As rock crystal possesses secondary forces which interfere 
with the action of the principal axis, and as there is reason 
for believing that its apparent axis is only the resultant of 
two equal negative axes, the value Sin.*(f> cannot be deduced 
from the valuation of the tints which it developes. 

The experiments made by M. Biot upon calcareous spar, 
previous to his knowledge of the coloured rings, were better 
fitted to alBford an expression of the variation of the tints ; 
but when vpe consider that his mode of observation was 
such that, when applied to arragonite, it gave Sin.* ^ as the 
law' of the tints, and that this mineral has two axes, and 
cannot therefore have its tints regulated by such a law, we 
are forced to include, that this mode of observation is insuf- 
ficient even when applied to ealcareous spar. 

Some new methddp r^etefore, of studj^g the phenomena 
of , doufile reCraefion;oh4f .polaris^^ waa lyanting, in order: 
to dfetenpine with ceitaiiityiuWhether any crystal had one or 
more ds^es t and what Is tito law to which 

vary in oystals withone axis., By the old modeof obsoryatidh, 
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Malus concluded that arragonite and sulphate of barytes were 
crystals with one axis, whereas they have both two axes, 
and, by M. Biot's mode of observation, he concluded that 
sulphate of lime, arragonite, topaz, sulphate of barytes, sulphate 
<f strontian, and feldspar, had only one axis, whereas they 
have all two distinct axes of double refraction. 

The method of observation which I have always employed, 
consists in observing the system of coloured rings which are 
seen along the axes of crystals with one axis, and along 
the resultant axes of crystals with two axes. These rings 
I first discovered in mica and topaz, about the end of the 
year 181 a, and early in 1813* I discovered in beryl and 
several other minerals with one axis, the system of rings 
peculiar to crystals of that class. Dr. Wollaston discovered 
the same system of rings in calcareous spar in 1814; and 
long after this discovery was made, M. Biot examined the 
phenomenon, and showed by measuring the diameters of the 
rings that in this crystal the variation of the tints was 
expressed by Sin. By similar measurements of the 
rings m zircon, ice, beryl, emerald, sapphire, ruby, rubellite, 
tourmcdine, apatite, vesuvian,mellite, nepheline, muriate of linte, 
muriate of strontian, arseniate of copper, I have found that 
the expression Sin.*^ applies within the limits of the error 
pf : experiments to all thesp crystals, which, excepting 
hydrate tf magnes/a and (gtwrijK, are the only crystals known 
to have but one axis pf dpuhje refmct;ipni k therefore cpn- 


RS,,,_enriile4;,to';''Set'Odt-with^t^ form«iai"-as;:-ah 

the- 'g€hPrah"'!a:yir' which '-I' have 
, discbyered fca:' ‘ de£e3^ in ' crystaj^s with any 
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number of axes, let us suppose that ABC, PI. xvi. fig. 9, repre- 
sents the quadrant of a .spherical surface, such as we have 
described in p. 266 ; and that the position of G, one of the re- 
sultant axes, where the tint is nothing, has been carefully 
determined by experiment, it is required to find the tint at 
any point E by the action of certain polarising forces which 
are m equilihrio at the point G. If we now suppose, 

1st. That the tints are produced by forces emanating from 
two negative axes whose poles are C,A, it is obvious that their 
relative intensities must be in the ratio of 1 GC re- 

presenting half the inclination of the diameters of no polarisa- 
tion. For as the tint at G produced by A is equal to the tint 
produced at the same point by C, and since the tint produced 
there by the axis A is its maximum tint, AG being 90®, then 
the maximum tint produced by C will be found by the 
analogy Sin. • GC : Rad.* == 1 • sin. ’ » ' GC • 

2d. If we suppose that the forces emanate from two positive 
A,B, A being greater than B,then the relative intensities 
mustbeas 

3d. If the forces emanate from two axes B,C, one of which 
is positive and the other negative, the intensity of B must be 
to that of C as Sin.* GC: Cos.* GC. 

Through E draw three great circles AEF, BE and CE, 
PI. xvi. fig. 9. and let 
T =s tint required at the point jE. 
d =a the arch between the point E and tfad axis C. 

^ s=s the arch between the points E and B. 

== the tint pi^dd^d; separately at E by the greater 

. ^ b ss the tint produced separately at E by the lesser a^3; V 
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4# =s the angle of the forces. 

= the angle B,EF. 

a = the angle CEF. 

A = the arch FC, or the angle CAF, or the azimuth on the 
great circle BGC passing through the pol6s of no 
polarisation. 

D = the arch FE, or the declination or distance of the 
point E from the same great circle. 

^ =5= half the difference of the angles at the base or at the 
diagonal of the parallelogram of forces. Then 

1 . When the two axes are B,C in the plane passing 
through the diameters of no polarisation, we have 
Cos. 6 = Cos. A X Cos. D. 


Cos. <p = Sin. A X Cos, D. 

s. Wh«i the two axes are C,A in a plane perpendicular to 
the plane passing through the diameters of no polarisation, 
Cos, = Cos. A X Cos. D. 
go* — D. 

Then we have, in general, whether the axes are A,C or B,C 

When B,C are the two axes, ei&er both jpdsitive or both- 
negative, 

Wheii A,C are the axes either both positive or bothne- 
/.gafivej V 

hdth positive or both ne^ 


■.•'has 


'csie . posht^'/atih'the , other 
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180 ~~ 2 « ^ar— • 2 0 

When A and C are both positive, or both negative, and 
C-7A 


a = Sin.* CE, and 6 = Sin. * EA x Sin.* GC 
When A and B are both positive, or both negative,- and 
A -78 

a = Sin.* AE , and 6 = Sin.* BE x Cos.* GC 
When B and C are the one positive, and the other ne- 
gative, 

a = Sin. * EC x Cos. * GC, and 
6 = Sin.*BExSin.*GC. 

The tints produced separately by each axis being thus de- 
termined, the tint resulting from their joint action will be 
found to be the diagonal of a parallelogram, whose sides are 
ajb and whose angle ist|/. In order to find this diagonal. 

We have Tang. ^ , and 


= Greater angle at the base ; 


Hence 
When a 


T = 


a Sin. ^ 


Sm. 

: ft thenT = aa (Cos. * + ») 

When a = b, and the axes equal, then » and 

T = 2u {Cos. a «■) or T ==: (Ck>s. za ) and ance p 
T= a Sin.*?> (Cos. ar) 

When = 90® then T = ‘ 

Wh«i ^ s= 180* T =: a— ft 




When T == + ft 

This g^eral law of the^^^^^t^^ be expressed in the 
following maimpT : proda^d any pomi. of the sphere 

y tke Jmt mtim ^ /wp, aa?«, u equaf to the of a 

whose ^s re^esent the tints proi^c^ ^ 
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axis separately, and whose angle is double of the angle formed 
by the two planes passing through that point of the sphere and 
the respective axes. 

If the crystal has three or more axes, the resulting tint 
produced from any two pf them may, in like manner, be 
combined with the third, and this resulting tint with the 
fourth, till the general resultant of all the forces is ob- 
tained. 

If the number of axes with given intensities exceeds two, 
they may be combined by the methods explained in tlie next 
section, till they are reduced to two axes, with new relative 
intensities ; and the resultant of all the axes will be obtained 
by the calculation of the diagonal of a single parallelogram. 

The law which we have now explained is obviously 
deduced from no empirical data, but is rigorously physical, 
and is founded upon the same principles which regulate the 
combination of all other mechanical forces. The accuracy 
with which it represents the complicated system of tints is 
very wonderful, and cannot fail to recommend it to the recep- 
tion of philosophers as a true law pf nature. In establishing 
its conformity with the actual phenomena, I shall not content 
myself with examining it by means of my own experiments. 
I shall submit it to the severe ordeal of M. Biot’s ineasure- 
nients pf the tints of ^ taken long before the 

discovery of the law, and which he considered as the result 
of irregular action depending u^n imperfect crystapizatipn. 
^ evidence, a sitill more deci-. 

in wlpch -tlie - eyp Its'et f 
-ideit^yj’l^t^^n -the 
■ ' '>'lf 'We^p^Pd^’ aP'-the '"tints. 
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by means of the law, for any crystal in which the rings round 
the resultant axes can be seen at one view, and project them 
upon paper, after they are reduced to different thicknesses, 
corresponding to the oblique transit of the rays through 
the parallel plate, we shall have a representation of the rings 
actually observed, expressing in the most accurate manner 
all the inversions of the tints, and exhibiting the points of 
contrary flexure, and the innumerable varieties of form 
which the curves assume. 

In order to determine the tints of sulphate of lime at great 
obliquities, M. Brox placed the laminee in a tube shut up at 
both ends by plates of glass ; and by means of a metallic 
rod he was able to fix them at any angle with the axis 
of the tube. He then filled the tube with water, 
turpentine, and observed the tints at inclinations as high as 
seventy-eight degrees, two minutes. In this way he con- 
structed a formula which represented these observations, and 
by means of this formula he computed the following table, in 
which I have reduced his numbers, in order to represent the 
tints at equal thicknesses, by dividing them by the secants of 
the angles of refraction. 

Table qJ the tints of sulphate of lime in Sfferent asdrmths 
reduced from M. ^\or^ s eatperiments. 


Angle of 
refraction 

Angular 
dist. jTom 
the axis, . 

Azimuth 
of 0* 

Azimuth 
of 22® 36' 

Azimuth 

of 4 S* 

Azimuth 
of 67® 30’ 

Azimuth 
of 90® 

^ o’* 

30 . 

60 

■ 

' 90^ 

■■ . 

[ : , ;60 -r” 

10 

0 

i.oooo 

0-976S 

0-9105 

©,,^885 

0,2077 

1 .0000 
0,9787 
0.91164 

f :: 

0 7047 
o, 57 j;i 

■'«>; 3 ' 043 ; ■ 

1.0000 ^ 
09838 ^ 
0,9352 
[ 0:8600 " 
0.7664 
6,6607 ' 

p.5483 

o.4r2x 

0.2501 

i.pooo 

6.9615 
P-91 *7 

0 8523 

0,6982 
0.5949 
0.400a ; 

1.0000 

0,9944 

0.9756 
[ 0.9434 
0.9002 
0.8482 
0.7938 
0.7337 
0.6184 . 


MDcccxym. " li 
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In determining the tints by new experiments, I adopted 
two different methods of investigation. By one of these, which 
was analogous to that of M. Biot, I observed the tints for all 
angles of refraction up to 60“, and by another mode I observed 
the remaining tints up to 90°, and I endeavoured to avoid as 
much as possible the secondary effects produced by obliquity. 

The first of these methods is shown in PL xvi.fig. 11, where 
ABCD is a plate of sulphate of lime, whose natural surfaces, 

AB, CD, are parallel to the plane passing through the resultant 
axes. Upon these surfaces I cemented two prisms of crown glass 

M, N, by a thin and equal film of Canada balsam, and having 

placed them upon the goniometer, I was able to observe the 
tints with great correctness at angles of refraction considerably 
beyoqji those which could be obtained in air. At angles of re- 
fraction betvveen 60” and 90®, I resorted to the second method, 
which consisted in transmitting the polarised light through 
die parallel faces AD,ACi This niethod is attended with 
peculiar difficultiels; and much perplexing labour must be 
submitted to before good plates can be obtained, as the laminse 
are constantly separating from each other; and by admitting 
the materials employed in grinding and smoothing thesUrfaces, 
the transparency of the plate is destroyed. I found it neces- 
sary, indeed, to bind the laminae together by wax, sometimes 
by plates pf wood, and at other^times^^ b^ in a 

small hand vice. By: these my experiments at last 

suo^ded, and;a|l t^he mysteiious a'c^ of sulphate of lime, 

plas’fflfica&nt' ■ wfacli"’ M. BioT had' bi^n ' 

unravelled.;-; ^he two 
Tihgs:/'we|‘e,pb^ryied -at an ' 

' of • the two 

axes, from inegularitics arose, were thus given. 
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and the actual progress of the tints became a matter of simple 
observation. In this way I constructed the following table. 


Angle of 
refraction 

Angular 
dist, from 
the axis. 

Azimuth 
of o® 

Azimuth 
of 2 2® 30' 

Azimuth of 
the resultant 
axis 30® 



Azimuth 
of 90® 


goo 

1. 0000 

x.oooo 

x.ooo 

1 .0000 

1.0000 

1.0000 

xo 

80 

0.978 

0.979 

0.980 

0.984 

0.992 

0.99s 

20 

70 

0.913 

0-919 

0.927 

0.938 

0.962 

0.973 

30 . • 

60 

0.8 1 X 

0.824 

0.835 

0.861 

0.913 

0.939 

40 

50 

0.689 

0,710 

0.729 

0.76S 

0.853 

0.898 

50 

40 

0.558 ^ 

0.576 

0.5 88 

-x).662 

0-782 

0.850 

60 

30 

0*435 

0438 

0.448 

0.538 

0-719 

0.8x0 

70 

zo 

0.340 

0,294 j 

0.304 

0,410 

0.659 

0^775 

80 

10 

0.274 

0.125 * 

O.X 54 

0.30c 

0.614 1 

0,760 

90 

0 

^o.z50 

0,105 

0.000 

0.246 

0.597 

0'753 


In the preceding table I have not given the value of the 
tints to more than three decimal places, as even the third 
decimal place is partly the result of estimation. 

To those who may repeat these experiments, it will be 
necessary to state, that in almost all crystals with two axes, 
the tints dn the neighbourhood of the resultant axes, when 
the plate has a considerable thickness, lose their resemblance 
to those of Newton’s scale, as will be more minutely described 
in another paper, The rings, however, are perfectly formed ; 
and the numbers in the table are the values of the tints dedu- 
ced from their position, and not from their actual colour. Thus, 
in the third ring or order of colours, reckoned from the re- 
sultant axes, I call .the value of the middle point about 17, 
although the hint is not a yellowish green, as in Newton’s 
scale. This mode of proceeding is strictly correct, for the 
cause which prevents hbe tint from being a yellowish green,, 
disappears in gen^l by diminishing the thickness of the 
'"plate-,.;-.:. ^ . 

; |]f|^;c^ these general law, we 

shall suppose that one of tha has, thie 
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thelaminje as the line which M. Biot calls the axis,* when the 
other axis is perpendicular to the plane of the laminee. These 
positions are indicated in PI. xv. fig. 4, by O and A, and in 
fig. g, by C and A. Since GC,therefore,or half the distance of 
the resultant axis is 30°, we shall have the relative intensity of 
the axis C, to that of A, as g.^ ^ or as 4 to 1. With these 

data the following table has been calculated. 


Angle 
of re- 
fraction. 

Angular dis- 
tance from 
the axis. 

Azimuth 
of o®. 

Azimuth 
of 22® 30'. 

Azimuth of 
the resultant 
axis, 30"^. 

Azimuth 
of 450. 

Azimuth 
of 67^30'' 

Azimuth 
of 90^. 

o« 

QO^ 

1,0000 

1,0000 

i,ocoo 

1,0000 

1,0000 


10 

80 

0,9775 

0,9796 

0,9811 

0,9848 

0,9903 

0,9925 

20 

70 

0,9124 


0,9258 

0,9401 

0,9614 

0,9707 

30 

60 

0,8125 

0,8272 

0,8385 

0,8660 

0,9160 

0^9375 

40 

.50 

0,6901 

0,7093 

0,7254 

0,77*9 

0,8573 

0,8967 


40 

0,500a 

O.S 7 S 5 

0,5936 

0,6593 

0,7901 

o »*533 

60 

SO 

Os 437 S 

0,4356 

0,4507 

0,5339 

0,7221. 

0,8125 

70 

20 

0,3378.. 

0,2980 

0,3018 

0,4071 

0,0615 

0,7792 

80 

10 

0,2726 

0,1238 

0,1511 

0,2983 

0,6190 

d. 7 S 7 S 

90 

' 0 - 

6,2500 

0,1035 

0,0000 

0,2500 

0,6036 

0,7500 


The agreement between the numbers in this and the 
preceding table, will convey an idea of the accuracy with 
which the law accommodates itself to all the capricious 
changes of the tints. I have compared it also with numerous 
experiments made on nitre, mica, topaz, sulphate of iron, &c, 
eiiibracing all the varieties in the inclination of the resultant 
axes, and have found it equally accurate in all these crystals. 
The projection of the calculated results, indeed, compared 
with the system of rings where their curvature is the most 
vatiaible, may be considered as aii ocular demonstratiGin of the 

■' v:’y, 

-lioieVis oatof a great 

. wjncide.^t^ My, py,the promioeat 

, 'im« ia H'XVs’i ' 'Boiss'nist- ^s^'prbve'incontestibly 
't}kti»prta:uUypy<HnM'is;''^''pi^Btitadetntiuaecl?.' 
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Sect. IV. On the resolution and combination <f polarising forces, 

and the reduction of all crystals to crystals with two or more 

axes. 

It has been remarked by M. BioT in one of his latest me- 
moirs, that it has been established by Laplace, that if the 
Huygenian law is admitted, the extraordinary refraction is 
necessarily produced by a repulsive force; and the same 
philosopher has also asserted, that from the opposite character 
of the tints produced by beryl and quartz, there results 
cessarily this, alternative : “ Either the forces which produce 
the extraordinary refraction are repulsive in one of the 
classes and attractive in the other, or they are repulsive in 
both; but they turn the axes of the luminous molecules in 
directions inversely rectangular. New experiments have 
proved to me that the first mode is that which nature 
realises.” * - - 

This view of the subject of double refraction and polari- 
sation has always appeared to me erroneous. I have never 
been able to perceive that the phenonaena of calcareous spar 
were necessarily referable to a repulsive force, or that nature 
had restricted herself to any of the alternatives which have just 
been stated. These opinions have acquired new strength as I 
advanced in the inquiry, and I trust I shall be able to demon- 
strate, net only that the phenoraena'of double refraction and 
polarisation may be explained by forces or combinations of 
forces different from those wMch have been given by Laplace 
and Biot, but that there are pertain ^aldgies of nature, 
mid certain physical cireunfestanOes in the phenomena, which 
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may lead us to select one combination of forces in preference 
to others, as the means which nature has employed in the ac- 
complishment of her purposes. 

If we consider a material particle in motion as under the 
influence of forces, the nature and the source of which are 
unknown, we may ascribe any change of direction which it 
experiences, either to a single attractive, or a single repulsive 
force, emanating from difierent sources ; or we may regard 
it as the resultant of a variety of forces of the same, or of 
opposite characters. In the phenomena of the solar system, 
a repulsive force is necessarily excluded by the simplest con- 
siderations. In the reflection of light, the return of the ray. 
cannot, without the most manifest absurdity, be ascribetj to 
an attractive force residing without the reflecting surface; 
and for the same reason,. the refraction of the transmitted 
tight cannot bejconsidered as the effect of a repulsive force ejtr 
isting without the transparent medium. But the case is quite 
difierent in the phenomena of double refraction and polari- 
sation. There are here no prominent physical circumstances 
which can lead us to a general determination of the nature 
of the forces. The deviation of the extraordinary ray in 
beryl, may be the result of a repulsive force emanating from 
the axis of the pjisra , or pf an attractive force eraanatiiig from 
two equal rectangular a?es lying in a plane perpendicular to 
the axis of the , prism, or of various other combinations, of 
Jfcroes, mtibmr. of the sajp^oE; cff opposite 

the; flrst;c!f:;|hfse ' 
:th^^ iictlqh -.pf . twq.equaI-..retJt§n^lar ' 
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one negative axis of the same intensity as either of the other 
two, and placed at right angles to the plane of the positive 
axes. 

Let A,B,C, fig. 9, be the poles of the three axes of which 
B,C are the positive axis, and A the negative axis. 

The tint produced at any point E by the axis A alone, is of 
the same intensity, and the same character, as the tint that 
would be produced at the same point by the positive axes 
B,C acting jointly. Through E draw the great circles 
AEF, BE, and CE, and call EF=a:j BE==(p, EC=^, BF=:»i, 
CF=», BEF=flr, CEFs=«. Then as the tint produced at 
E by the axes A alone is Sin.* AE or Cos,“j;, we must show 
that the resulting tint produced by the two axes B,C, is also 
equal to Cos.®x. By spherical trigonometry we have 
Sm.®(p X Sin.®fl' = Sin.® m 
Sin.* 0 x Sin • « = Sin.* n 

But since m 4- n === 90* Sin.® w = Cos.*»i. Hence 
Sin.® w -f-Sin;* n = 1 

and by adding together the two first equations we have 
^n.“ (p X Sin.^w + Sin “5 X Sin.*«»=== 1. 

Again, since Taiig. ^ » and Tang, x =Tang, Cos. *• 

ahd Cos. = Cos. x x Cos. m, we obtain by substibJtioh 


Tang. X = 


Sin* ^ X Cos> w 
Cos* .tkCos, m 


and 


Tang. X X Cos. x x Cos. m =: Sn. ^ x Cos. # ; but since 
T^g. a: X Cos. a? = Ski. X we have 
Sin. X X Cos. m =s Sin. <p x Cos. and by the; satob reasoning 
Sin. aj X Cos. 71 aa Siriwl X 

Hence, after squaring both equations' arid adding theni 
.together, We'have-'' V \ 
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Sin.^j! X Cos*fn Sin.*;f X Cos.^« = Sin.*^ X Cos.^w-]- Sm,*8x Cos.'si 

and Sin.* s = sin.^^ x CosJr + ^^6 x Cos*m 

Cos.® m X Cos.® n 

But Cos.* m X Cos.* n = 1. Hence 
Sin.*x=r Sin.*(j> x Cos.* m + Sin.*fl x Cos.*w. 

But since Cos.'w = Cos. 3 tt + Sin.* it and 

Cos.* a = Cos. 3 a + Sin.*« we have 

Sin.*a;=Sin.*<pxCos.3B- + Sin.*i{) x Sin.*^ + Sin. *5 xCos. 3 a-j-Sin.®S x Sin.*a 
But Sin.* 9 X Sin.* ir+Sin.*^ x Sin.*w = 1; hence 
Sin.*a;= Sin.*(f) x Cos. 2 «■ + Sin.* d x Cos. s a + ^ 

Since Cos.* a’ = 1 — Sin.* a? we have 
— Cos.*a: = Sin.*(p x Cos. s tt -f Sin.* d x Cos. 2 a 
. Now in the parallelogram of forces, the two forces AC, AD 
(PI. xvi. fig. 12) are Sin.*?), Sin.*0 when the axes are of equal 
intensity, that is AC= Sin.*?), and AD =; Sin.* d. But 
Sin.*?> : Sin.*i9 != Sin.*a : Sin.*7r, and the 
Angle CAD = 2 + 3 a. Hence 

' CAB=:2 7rand 
BAD = 2 a 

Consequently AF = Sin. ^ x Cos^ 2 «■ and 
BF= Sin.* § X Cos. 2 a, and therefore 
AF^BF — AB Sin.*(p X Cos. 3 -}- Sin.*§ ;x Cos. 3 a 
: which is the very same value which we have found ab&ve 

for Cos.*ar, the measure of the tint produced hy one axis. 

■ : Hence it 

qtiently the form of the curves of equal tint, are the same, 
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equal rectangular positive axes of the same intensity as the 
negative axis, and lying in a plane perpendicular to that axis. 

This fundamental principle being established, we may pro- 
ceed still farther in the resolution of the axes into axes of 
equal intensity, but differing in their character and position. 
Thus in PL xvi. fig. 9, the negative axis A being equivalent 
to the positive axes B,C, we may again resolve B into a ne- 
gative axis at C and another at A. Hence the original axis 
at A is equivalent to a negative axis at A-, a positive axis 
at C, and a negative axis at C. But these two last axes 
destroy each other; and therefore the negative axis A is the 
only one that is left. If we also resolve the other positive 
axes C into two negative axes at A and B, we have the 
original negative axis A, equivalent to four negative axes, 
two at A, one at C, and one at B. We therefore conclude, 

2d. That the effect of a single negative axis may be re- 
presented by three rectangular negative axes, provided two of 
them are equal, and the third has a greater intensity than 
the otlier two ; and vice versa a single positive axis may be 
represented by three rectangular positive axes, provided 
two of them are equal, and the third has a less intensity than 
the other two. 

Hen<^ it follows that by leaving one axis at A, the effect of 
the other three negative axes must be to destroy each other, 
a result which will afterwards be established in a different 
way, and will lead us to some important consequences. The 
same is true of 

Hitherto we have resolved the -axes of crystals into other 
axes diflfepng in pPshibh add charactet, but having the same 
intensity; If we con^|||er> however, that any one axis at 

Mbcccxviii. ' Kk 
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is equal to any number of equal or inequal axes of the same 
name placed at A, the sum of whose intensities is equal to the 
intensity of the axis at A, it will follow — 

gd. That the effect of a single axis may be represented by 
any even number of equal axes of an opposite name, pro- 
vided in every pair of axes one of them is at right angles to 
the other, and all of them lie in the same plane perpendicular 
to the original axis. The intensity of each of the new axes 
must be to that of the single axis as ^ to i^n being the num- 
ber of axes. 


4th. That the effect of a single axis may be represented 
by any number of equal pairs of axes of an opposite nature, 
provided the axes which compose each pair are equal and 
rectangular, and all of them lie in the same plane perpen- 
dicular to the original axis. The intensity of the axes which 
compose each pair may differ in any way, but ^ or half the 
sum s df'the intensities of all the axes must be equal to the 
int^saty of the single axis. 

In the preceding observations we have supposed the axes 
of the crystals to be rectangular, a supposition which is by no 
means rendered necessary by the phenomena. It is obvious 
indeed that the effect of a single axis cannot be represented by 


two a,xes that have any other inclination but that of o°or9o“; 
but we shall presently see that the effect of two rectangular 
axes may he represented by two equal ^d inclined axes, 
Pl. xvi. fig. JO, be a spherical triangle representing 
ri^th part of; the.s^ere, and having all Its angles right 

the^resultant axes or 

' the 

Such,^'i^-.'the ahgle « G 0 is a 
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right angle, for it is only at this angle that the two axes can 
destroy each others’ actions, and pToduce a resultant axis at G. 
Consequently, since rsGF is 45°, we have Tang, f aiS = Sin. 
GF. == Cos. AG- The same reasoning is applicable if the 
axes are situated at a,b,aGb being a right angle ; but in this 
case Tang. a b=: Sin. AG. Hence, 

5th. The action of two inequal rectangular axes is equal to 
the action of two equal axes, the tangent of the half of whose 
inclination is equal to the cosine of half the angle of the re- 
sultant axes, if the two equal axes are situated in the plane 
BC, or to the sine of half that angle if they are situated in ab. 

In order to ascertain the intensity of the axes «, J 3 , or a, b, 
we must assume a position and a character for the rectangular 
axes which they represent. Let the two rectangular axes, 
therefore, be a negative axis at A, and a positive axis at 
F, whose relative intensities will be Cos.® GA : Sin.® GA, and 
let A be the most powerful axis. Then the intensity of either 
of the axes aS will be to that of A as ^ : 1; and the 

krtensity of either of the axes a, 6 will fae to that of A as 

r c sy i n - »• Hencswten .0 = 9o*.wehave;s5;;;|.;^= i, 
which brings us back to Case ist. When (?& === o®. we have 
i,for as the two axes a, 6 coincide with A, their 
sum must be equal to A, or a-^b= 1, and since arsh^-we 
have a ==|--. When B is the most powerful axis, the pre- 
ceding ratios of the intensities must be interchanged. 

If the two inclined axes iK,i8 are supposed to be inequal, 
they tbay haVe an inSra^ pcwMons in the great 

circle passing through jS ; hiit their relative position must 
be such, thatthe great cirdes passing through each o£ t|i!e]B£, . 
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and the resultant axis must intersect each other at an angle 
of 90% and their intensities will be as the squares of the 
sines of their respective distances from the resultant axis. 
The ratio of the intensities, however, can never exceed that 
of 1 to Sin.®(p, <p being the distance of the resultant axis from 
the plane passing through u,^. 

It would be needless to pursue this subject any farther. I 
have briefly illustrated the general principles of the resolu- 
tion of the axes of crystals, and the reader will have no dif- 
ficulty in deducing other combinations by which the pheno- 
mena may be represented. A very important question is 
naturally suggested by the results to which we have arrived. 
Are there any physical circumstances either of a general or 
a particular nature which may lead us to ascertain the real 
position of the axes of crystals, and to determine the character 
®f tHe forces by which the phenomena of polarisation are pro- 
duced ? When We consider the case of Iceland spar, we per- 
ceive.no peculiarities which can induce us to refer its polarising 
force to two or more positive axes in preference to a negative 
axis; but in rock crystal, the secondary tints discovered by 
M. Biot along the axes of the prism, seem to indicate 
that its apparent positive axis is merely the resultant of two 
or more equal and rectangular negative axes. M. Biot in- 
deed ascribes these secondary effects . to ne\y forces inde- 
pendent of the principal polarising force 5; but T have dis- 
c^yered them also in crystals with two axes, and have 
"^^^ed some to prove that they 

: ..action qf the', two 'prin- 

the foriKs-, We, .-are, hot left 
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entirely without some general indications. In magnetism 
and electricity, the various phenomena are produced' by two 
opposite and co-existent forces which modify each other’s 
action ; and since opposite forces are obviously indicated by 
the phenomena of polarisation, we have the strongest reasons, 
from analogy, to believe that they are also co-existent in 
crystals. The remarkable phenomena exhibited during the 
transmission of heat along plates of glass, give additional 
weight to the deductions of analogy. Here the negative struc- 
ture invariably accompanies the positive structure, and the 
plates which are under the influence of these forces, exhibit 
phenomena precisely the same as artificial magnets.* It 
will, however, be naturally asked, what has become of the 
negative force in calcareous spar, if it is supposed to have two 
equal and rectangular positive axes? To this we reply, 
that the negative force, originally less than the positive 
forces, has been balanced by the opposite actions of the two 
positive axes ; and that the resulting force, which has all 
the characters of a negative force, is merely the difference 
between the original negative force and the negative force 
which is equivalent to the effect of the positive axes. Nor 
is this mere speculation, for while it is an arrangement of the 
polarising forces which is as likely as any other to be the 
one actually followed by nature, it is almost directly sup- 
ported by a serfes of experiments, which I have made on 
platesandcyiindersofglass.-f- 

• Fiit 1816, p. 64, 83, S4,'&c; ' - 

t See tke viiJ. p. 333. 
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Sect. V-. On. the polarising structure of crystals that have the 
cube, the regular octahedron, and the rhomboidal dodecahedron, 
for their prirmtive form. 


In examining the strncture of doubly refracting crystals?, 
it win be found that there are thirteen bodies which seem to 
be entirely destitute of the polarising structure, and other 
itme which sometimes exhibit distinct traces of two opposite 
srtructures.^ And it is a very, curious circumstance, that 
the crystals which have this character are those which 
crystallize in the form of a cube, a regular octohedron, 
and a rhomboidal dodecahedron,as appears from the following 
table. 


ffames of crystals* PnmiUne forin. 'Names of crystals. Primitive for 

Garnet Rhomboidal dodecahedron Boracitet Cube 

Blende Rhomboidal dodecahedron Muriate of soda Cube 


I^tnond Regular octohednm 

Spinelle ruby Ditto 

\ Ditto* 

Alum Ditto 

Blumt^ of aliuktihia Difitb’ 

Floor spar Ditto 

Roby copper Ditto 

IJitrate of lead Ditto 

Nitrate of strontian Octohedral crystals 


Muriate of potash Cube 

Leucite Cube 

'Analcime Cube 

Kit rate of barytes 

Sulphate of alumine and ammonia 

Nitrite of lead 

Cinnamon stone 

Essonire 

Dranite 


These crystals, as will be seen by a conaparison with 
Hauy’s taWe ©£ prknitive formsij inclsude all the transparent 
; transient eatystals which he h^ under the 

preceding fe^Sj escep&sg: lime; but this ex- 

, ;* IS^ yol* y fn* pi lyy^Tshere I hare 

^ of the honey- 
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ception is removed, as he has- since found that tliis mineral 
has for its primitive form an irregular octohedron. 

In the paper already quoted, I have described the leading 
optical properties of this class of crystals ; but I have since 
observed several new phenomena wliich throw additional 
light on the subject. In the examination of thirty very fine 
cut diamonds of great size and value, I found several which 
had no action yirhatever upon light. Many of them pola- 
rised a fine sky blue tint of the first order, with a comple- 
mentary straw yellow, in whatever position they were held ; 
and one exhibited a succession of five or six tints, which 
were not the exact tints of Newton’s scale, but similar to 
those seen near the resultant axes of crystals. In a diamond 
with natural faces, which has the form of a fine regular 
octohedron, there were no indications whatever of the pola- 
rising structure. In two specimens of leucite, hroad segments of 
the coloured rings were developed when the light w as trans- 
mitted in different directions ; and blent^ and analcime, even at 
thicknesses less than ~ of an inch, displayed a considerable 
action upon polarised light. 

M. Biot has endeavoured to account for the absence of 
polarisation and double refraction in this class of crystals 
by remarking— ** that the phenomena of the attractive class 
are explicable by a prolate ellipsoid and those of the re- 
pulsive class, by an oblate ellipsoid ; and that the sphere, 
forming a passage from one of these limits to the other 
exmatitutes a sort qf ; neutral state, ;^d corresponds to those 
crystals which, trystallizing in the. r^ular octohedron or 
the cidw&, are desfitute pf the property of double refraction.”?^ 

• • PiijB%wytom.iv. p. 349, Paris,i8;6. . ; > 
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This remark, however, is by no means an explanation of 
the fact. It is merely a different mode of expressing the 
fact, that the cubical and octohedral crystals have no- double 
refraction; for the sphere is applicable to the optical action 
of air and all other fluids, whether aeriform or liquid, which 
have not the property of double refraction. 

The discovery of the remains of polarising axes in a great 
number of crystals of this class, completely proves that, 
like all other crystallized bodies, they actually possess the 
doubly refracting and polarising structure, but that this 
structure entirely vanishes in some specimens, by the equi- 
librium of the forces in every point of the crystal,- and 
reappears in some specimens when that equilibrium is not 
complete. 

The principles of the resolution of polarising forces which 
we have already explained, indicate the manner in which thiff" 
.equilibrium is effected. Three equal arid rectangular axes, 
either all of the negative, Or all of the positive character, will 
produce a perfect equilibrium, or mutually destroy each other 
at every point of the crystal; for since two equal positive 
axes are equivalent to one negative axis, of the same inten- 
sity as either of the two; and since this negative axis will be 
bahmced by an equal positive axis coincident with it, it follows, 
that the mree rectarigrilar positive axes will be in eqUilibrio. 
In perfect crystals of this class where all the axes are equals 
aiid'their position exactly rectangular, theequihbriiini pf ^ t^ 

but’ •if-;'tRe’>.aXeS' are', not ,eqrial^:''.of "their' 
''_./|^^i^i^Sj^ul#t^|pe4’^ah|-rilar,'the;,phenpife^ 

If orie^ass^^for' exainple, is-' ' 
' '^aifeer’^WflM' resuli#ifl^be'‘'ilie. appearance 
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of an axis of an opposite name to that of the three axes 
and coinciding with the resultant of the other two; but if 
one of the axes is stronger than the other two, the result will 
be an axis of the same name with the three axes, and coin- 
ciding with the strongest axis. 

Let us now consider what will be the effect if the three 
negative axes C,A,0, PI. xv. fig. 4, are all different; C 
being the strongest and O the weakest. The two axes 
C and A will, by their joint action, produce resultant axes 
P,P' lying in the plane COD. Let the third axis O be re- 
solved into two jxjsitive axes at G and A, iJien we have a 
negative axis A, and a positive axis equal to O acting at A, 
and the negative axis C, and a positive axis equaL to O 
acting at C ; but O is less than A or C, therefore we have 
a negative axis equal to A — O acting at A, and a negative 
axis C — O acting at C ; and as the last of these is the 
strongest, the general effect will be the production of two 
resultant axes in the plane COD- But as C — O has to 
A — O a greater ratio than C has to A, the poles of no 
polarisation P,P- will be removed farther from O than they 
w&i’s by the action of C and A alone. 

The equilibrium of the three axes may also be disturbed by 
another cause, namely, by a deviation from perfect rectan- 
guiarity. In order to understand the effect of this irregu- 
larity, let ABC, PL xvi. fig. lo, be the three rectangular 
axes, and B «, C^ the dev^ion of the ax^s » and /S. Then 
the effeci of the equaL and inciiHed axes ei, 0 is to produce 
poles of ho polarisataonL^^^^ of which is seen at G in the 
plane;IiGA,h&ecfihg tbe ^pe fpn the planes passing 

’mDCCCXVIII- /■'■-.■■L.L 
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through the axes. If the third axis is rectangular to « and jS, 
or placed at. A, the effect of it would be to throw the pole G 
farther from A towards F; but as it is not probable that the 
deviation of « and /3 would be in a plane exactly at right 
angles to A, while A kept its situation; then if A deviates 
from A, or if while A retains its position, the deviations of 
» and ^ are not in the plane BC, an irregular system of 
curves will be produced, differing essentially from those which 
are formed by two axes. 

Here then we have three leading causes of the destruction 
of the equilibrium of the three axes. In consequence of the 
first, tints of a single structure will be developed, as in some 
specimens of diamond and alum. In consequence of the 
second, the opposite tints of a double structure will be de- 
veloped, as in several specimens of diamond, fluor spar^ 
muriate of soda, semiopal, and analcime; and in consequence of 
the third, a confused system of rings will be exhibited, such 
as I have discovered in several specimens of leucite. 

The coincidence of the preceding deductions, with the ex- 
perimental results, affords a strong presumption, that we have 
been tracing the actual operations of nature. In the phe- 
nomena of crystals both with one and with two axes, we 
have seen, that these axes are ooiricident with some permanent 
Kneih the priraifiye or secondary form of the crystal. This 
is the case in .every crystal with one axis that I have ex- 
jap^ed ;; but it is not easy to establish this coincidence in 
v it is impossible to fix the atuatidn 

■iv Whlchthe :ph,epometta,_are produced. ,• In almost , . 
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coincident with some prominent line, either in the primitive or 
secondary forms.* 

The same coincidence ought therefore to be expected in the 
case of the cubical, octohedral, and rhomboido-dodecahedral 
crystals ; and it is a singular fact, that the cube, the octo- 
hedron, and the rkomboidal dodecahedroii, are the only regular 
geometrical solids in crystallography, in which neither more 
nor less than three equal rectangular axes can be placed sym- 
metrically. In the cube, for example, each of three axes is 
perpendicular to the three pair of square surfaces by which 
the solid is contained. In the regular octahedron each of them 
coincides with the line which joins the six solid angles of the 
figure ; and in the rhomboidal dodecahedron, each of the rec- 
tangular axes passes through the six solid angles, each of 
which is contained by four acute angles of the rhomboidal 
planes. 

Sect. VL On the art^ial imitation of all the classes of doubly 
rfmcting crystals by means of plates of glass. 

In the Philosophical Transactions for 1816, I have given 
a full account of the very remarkable phenomena which are 


♦ Maius seems to have believed that the axis of extraordinary refraction was ne- 
tessanly coincident with some prominent line in the primitive form. We quote the 
following passage in confirmation of our general views> though there can be no 
doubt that the generitlisation which it implies is premature. Daus le rhomboide, 
Paxe dc retracdou se confond avec i'axe du crystal ; mais dans les autres foimea on 
n’a pas de doni|^ su^^ntes le determiner a priori* : . Cependant lenombre des 
directions entre lesquelles oh pent balancer est toujours tr&^bome.. Pans FoctaSdre 
a triahgle scalene, par exempk^ on e^t assure d^avance que V axe de refraction est an 
(les ttofr axes le die forme de la I^oubk 
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exhibited during the propagation of heat along plates of 
glass and other uncrystallized bodies; and of the method of 
communicating permanently to these substances, all the pro- 
perties of regular crystals. Since that paper was written, 
I have completed a series of new experiments on the distri- 
bution of the polarising force in prepared glass, which led me 
to the determination of the laws by which all the phenomena 
can be calculated. These laws are precisely the same as those 
which we have already deduced in the preceding sections ; 
and there is not one phenomenon belonging to regular crys- 
tals which I have not been able to imitate in glass. 

In these artificial crystals, however, the centre of the 
sphere is infinitely distant, and therefore the sine of the 
angle which the refracted ray makes with the axis in the 
regular crystals, is equivalent in the artificial ones to the 
distance of the ray from the axis, and is replaced by this 
quantity in the new formulae. Thus if T is , the tint corres- 
ponding to any given distance D from the axis, then the 
tint t at any other distance, d \s t=i a formula which 
represdats accurately the progress of the tints whether the 
axis is negative or positive. 

If in rectangular plates of glass D represents the distance 
of any df the black- fringes, or the lines of no pdlarisation 
PL xvi. %. 13, from ab of the plate, and 

T J&ie maxi^ we conceive qh exis 

•stoiatiyi perpendicular to the plate in every point of the line 
; ^ ^ ijh the the'plate perpendited the 

'-pol^dised 4igh|; ^.^transmitted'-- 

But as this tint, whose value rs 
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T, is counteracted at m in every part of the line MN, by the 
action of the axes at A, &c. perpendicular to the plate, the in- 
tensity of the perpendicular axis at the distance A m == D, will 
also be equal to T. Hence, in order to find the tint t produced 
by this perpendicular axis at any other distance A. c:=:d, 
we have by the law for one axis; but as this tint 

is counteracted by the tint T produced at c by the axis in 
the plane of the laminae, we have the resulting tint or 
t = T — ■* Here the law is very simple, and the tints are 

all disposed in straight lines, in consequence of the angle of the 
forces being i8o“, and the number of the axes infinite. This 
case is precisely the same as that of regular crystals when the 
tints are calculated in the plane COD, PL xv. fig. 4, by means 
of two axes at O and A, the effect of the axis A is the same 
at every point in the line COD, and therefore the resulting 
tint, at any point, is the uniform tint produced by A (which 
is the same as the tint at O) minus the tint produced by the 
axis O alone. The laW of the progression of the tints there- 
fore in rectangular plates of glass, is exactly the same as in 
crystals- with two axes ; and we have : the same difficulty in 
determining whether the axes are of the same or of opposite 
names. : 

The similarity between the Various phenomena of the real 

* Thb formula Is the as that which I had deduced long ago from experi- 

ment* M. Bxot had also obtained from observation the very ^mc eg>ression of the 
tints, and afeoot the same rime* 'the formula whiih I have employed was more 
general than that of as i had found the teiin I> to be a function of the 

bre^thbf theptetdi My being the breadth 

oCtteittarifir » plate;llW * = 
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and the artificial crystals is still more striking than the 
agreement of the laws of the tints, as all the different classes 
of crystals can be imitated in glass. This similarity will 
appear from the following comparison : 


Artificial crystals. 

1 A circular plate of glass 
crystallized by the trans^ 

- mission of heat. 

3 A circular plate of glass 
heated, and in the act of 
cooling. 

3 A rectangular plate of glass 
when heat is in the act of 
being transmitted throtigh 
the plate. - , • 


Heal crystals. 

1 Crystals of zircon, quartz, 

ice, &c. 

2 Crystals of calcareous spar, 

beryl, ruby, &c. 

3 Crystals of topaz, sulphate 

of lime, &c. in which the 
, principal force is attrac- 
tive. . 


4 A rectangular plate of glass 
heated, uniformly, arid in 
the act of cooling. 

$ A circular plate of glass, 
permanently crystallized to 
a slight degree^ and then 
heated, so as to produce, in 
the act of cooling, a tint 
equal to its permanent tint. 


j, Crystals of mica, nitre, &c. 
in which the principal 
force is repulsive. 

5 Cubical, octohedral, and 
rhomboido-dodecahedral 
crystals, in which the po- 
larising force is destroyed 
by opposite actions^ 


Although these artificial crystals exhibit in the most per- 
phenomena ;6f fixed and moveable pola- 
;'id^pti||^d'|(|i^dld|^,the,;^^hts, br|t]EWTON'*s '.scale.^^ 

bf lune, ,yct has 
theyr.mchibit-; wdcr: the head-' 
hf such a d&tinction were neces- 
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sary for the proper classification of the phenomena, I would 
have no hesitation in reversing the name, and giving the 
appellation of imperfect crystallization to the phenomena 
produced by sulphate of lime, and the greater number of 
crystals of the mineral kingdom. If we employ pieces of 
pure glass of regular forms, and with straight and smooth 
edges, and if we transmit through them the heat in a uni- 
form and careful manner, we shall obtain a structure which 
will develope all the phenomena of polarisation with the 
utmost beauty and perfection. 

There is one point, however, and a very instructive one, in 
which the artificial differ from the real crystals. If we cut a 
plate of calcareous spar into any number of pieces, each 
piece, however minute, will produce the system of coloured 
rings in as great perfection as the whole plate of which it 
formed a p^t ; and its polarising force will suffer no dimi- 
nution by the reduction of its size, provided its thickness 
remain the same. If we subdivide, however, a drcular plate 
of glass, the polarising force of each portion is not only 
much diminished, and sometimes even destroyed, if the por- 
tion is very small, but the polarising influence is distributed 
in a new manner, according to the outward shape of the 
fragment.* Hence it follows, that in glass the polarising 
structure depends entirely on the external form of the plate, 
and on the mode of aggregation of its particles. When its 
form is drcular, it has only one axis of polarisafion; and this 
axis is positive, if the density diminishes towards the (»ritre, 
and negative, if it Ihcreafes towards the (s^ntre; but when 

*8i6»,pp» ?*» 8«. ' ' 
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its form is rectangular, or elliptical, it has two axes of pola- 
risation, the strongest of which appears to be positive, and 
the weakest negative.. 

In crystals, on the contrary, the polarising structure is 
wholly independent of their outward form, and of any varia- 
tion of density in the aggregation of their particles, and must 
therefore djepend on the form of their integrant molecules, 
and the variation in their density. Is it not more than pro- 
bable, therefore, that we have in our artificial crystals, a 
representation of the ultimate particles of crystalli?:ed bodies 
When these crystals have a spherical: form, diminishing in 
density towards an axis, and have these axes arranged- 
by the laws of crystallization, - they will constitute a 
crystal of the positive class, like ice, zircon, quartz, &c.j: 
and the only difierence between ice , and water will be, 
that in the ice the particles have their axes regularly 
disposed ; while in the water, the axes have every pos- 
sible direction, so as to create a general equilibrium of the 
polarising forces. When the density of the spheres increases : 
towards their axes, their symmetrical combination will con- 
stitute a crystal of the negative class, sxxch. ^ beryl i calcarems 
spar, &c, , . , . 


J^ut if the particles, instead of being Spheres, are either^ 
proli^te or ohlade spheroids, having their , polamin axis at 
right angles to axis ©f revolution ; arid if their density 
hi eUiptit^ plates ^ glass, along which heat is im 
'■ ■ cbiistitute,‘hyM^'^ 
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elliptical plates heated in oil, and in the act of sudden cooling, 
the combined spheroids will constitute the class of crystals 
like mica, nitre. See. in which the negative force predo- 
minates. 

The variation of density which these solids necessarily 
require, in order to develope a force varying as the fourth 
power, or an influence upon the tints varying as the square of 
the sine of the angle which the ray forms with the axes of the 
crystals, will be understood from PI. xvi. fig. 14. Let M aN b 
represent the section of the sphere through one of its great 
circles, then if >ye suppose that the density is a maximum in 
every point of the line MN, and that it diminishes from M to 
ab, and from L to dc, at first very slowly, and then very 
rapidly, like the cosines of the angles reckoned from MP, so 
that the lines of equal density in every section of the sphere 
passing through MN are diameters, the sphere will represent 
one of the integrant particles of the positive crystals, like 
ice, zircon, quartz, &c. haying MN for its axis of double 
refraction and polarisation. In like manner, if the density is 
a mi nimum in the line MN, and increases in a similar man- 
ner, towards ab and cd, the sphere vyill represent an integrant 
particle of the negative crystals, such as, beryl, calcareous spar, 
&c. When the polarised ray is transmitted along the axis 
MN, the polarising force will be nothing ; when it passes 
along . BS, the variation of density is greater, and conse- 
quefttly the polarising force will ; be increased ; and when it 
is..transmitted along #,^the polarising force will be a maxi- 
minn, as the variation ;9f the density is a im^imum in that 
line. As the same is Jrue of every other section of the 
sphete passing ; through MN, h follows that . there yril^he a 

MDCGcxvrir. Mm ; ; 
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certain rate of variation in the density at which the polarising 
force will be proportional to the fourth power, or the varia- 
ble influence upon the tints to the square of the sine of the 
angle which the polarised ray forms with the axis. 

The preceding reasoning must not be considered as mere 
speculation, for such a crystal as that represented in fig. 14, 
may be actually constructed with plates of glass. Let ABCD, 
for example, represent in section, a circular plate of glass 
whose thickness is ML, and along whose axis MNT, is seen 
the system of coloured rings shown in Pi. xv. fig. 1 , Then , if we 
conceive- the plate bent back into the position aMbchd, we 
have the external spherical stratum of our elementary sphere;^ 
and in like manner we may conceive the interior strata to be 
formed by a succession of circular plates DEFC, &c. bent 
into the spherical form dljcfKe. Now, since the tints of 
the circular plate ABCD vary as the squares of the distances 
from its axis ML, we may suppose that the same law still 
exists, after it is bent into a M hcDd. But the distances from 
the axis MN are now the sines of the angular distances from 
M ; and therefore, since the same is true of all the other 
spherical strata, of which the elementary sphere is composed,, 
it follows that the tints produced by the transmission of 
polarised light j along any diameter of the sphere, are propor- 
tional to the square of the sine of the angle, which the ray 
forms with the axis of the crystal. : In order to construct this 
sphere artificially, we have only a series of 

Strata’ anti Join ;them. to^ at the.libe in 
^thefigure. :Thls:;spherei it., will: be 
a-sojifi. sphere of crys-' 

, 'particular ^axts^Ybut ^which gives 
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the same phenomena by transmitting polarised light through 
any of its diameters.* 

In the very same manner w'e may suppose the elementary 
spheroid of crystals with two axes to be formed by elliptical 
plates, bent into spheroidal strata, and the spheroid itself may 
be actually constructed by means of spheroidal strata of 
glass. When this is done, it will exhibit all the complicated 
phenomena produced by the simultaneous actions of two 
unequal axes. 

Section VII. On the laws of double refraction in crystals with 
- any number of axes. 

From the coincidence which I have invariably observed 
between the axes of polarisation and extraordinary refraction, 
in .all crystals that have only one apparent axis, we may 
consider it as an established fact, that the Huygenian law 
represents, within the limits of experimental errors, not only 
the phenomena of calcareous spar, but those of all other 
crystals with a single axis of double refraction. 

But since it is the general character of crystals to have 
more than one aps of polarisation, it bea>mes interesting to 
ascertain, if they also have two axes of extraordinary refrac- 
tion ; and if they have, to investigate, by direct experiment, 
the general laws of double refraction, for crystals with any 
number of axes. Such an investigation presents difficulties of 
no ordinary kind. The want of a transparent mineral with 
two pbwerftil axes^ whiCh,^ like: calcareous spar, could be 
obtained in large pieces, and ciit wth fadlity in every direc- 

See PW. pp. 3 14, 315. 
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tion ; and the necessity that it should have its resultant axes 
considerably inclined to each other, in order to obtain a 
measurable separation of the images at several points, be- 
tween these resultant axes, rendered all ray esxperiments for 
a long time completely unsuccessful. The mscovery, how- 
ever, of crystals which possessed, in some degree, the most 
important of these requisites, has enabled me to resume and 
to complete the investigation. 

After ascertaining the position of the diameters of no 
polarisation in a crystal with two axes, I formed a prism 
with a great refracting angle, so as to have a flat surface as 
perpendicular as possible to one of these diameters. I then 
placed this prism upon the goniometer, and having marked 
the position when the point of no polarisation, or the 
centre of the rings (namely P, Plate xv. fig. 4.) was 
coincident with the polarised image of a candle, I substi- 
tuted the direct image of a candle, and observed that this 
linage was single, and therefore that the force of double 
refraction, as well as the polarising force, had completely 
vanished. Upon turning the goniometer to both sides of 
these positions, the deviation of the extraordinary ray became 
perceptible and gradually increased; and in continuing to 
observe this deviation in the plane COD passing through the 
resultant axes, I found that it increased to the middle point O 
between these axesj Where it became stationary ; and that it 
gradually dirainiahed towards the other resultant axis P' 
||ie:ioiage again became^ single. I now measured tfe 
'';‘ihe';;^;^traoi^^^ at the,',|jwnts 

in; an^ ' but .of . these 
^ ; the -force ' of double 
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refraction, varied in the same ratio as the polarising force, and 
that ail the phenomena, whatever be the number of axes by 
which they are produced, may be calculated by the same 
general law which we have already established for the phe- 
nomena of polarisation. 

Let it be required, for example, to determine the velocity 
of the extraordinary ray in a crystal with any number of 
positive and negative axes. By the principles explained in 
Sect. IV. these axes may be reduced to two equivalent rect- 
angular axes, which may be either of the same, or of oppo- 
site names. Let us then take 6= the axis of revolution of 
the two spheroids, a, a‘ the other axis, jS, the inclination of 
the incident ray to the axes of the crystal, ^ the angle of the 
forces as found in Sect. III. and ^ half the difference of the 
angles at the base of the parallelogram of forces. Then since 
the velocity of the light is inversely as the variable radius of 
the spheroid -gi will be the square of the velocity of the ordi- 


nary ray, and 4 J5 the square of the minimum velocity of 
the extraordinary ray in virtue of the separate action of each 
axis. The difference between the squares of the velocities of 
the ordinary and extraordinary rays will be 


Sin.y 


the sign being positive, when the axis is positive, and vice 
versa. But as these! expressions represent the sides of the 
parallelogram of forces, we have 


Tang. 
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Consequently the difference between the squares of the 
velocities of the ordinary and extraordinary ray produced by 
the combined action of the two axes will be 
(2^Sin.'/3){Sin.+) 

Sin. (f+4J,) 

Hence, calling V the velocity required, we have 


(i^Sin.*0) (Sin. 4 ,) 


and 




Sin. (^+1-4') 






6 * 


Sin.“/S) (Sin. 4/) 


)• 


Sin.(r-fi4^) 

The form of the compound, or irregular spheroid, may 
therefore be computed for all doubly refracting crystals. 

The general law of double refraction' which has now been 
explained, may be thus expressed. 

T6e increment of the square of the velocity of the extraordinary 
ray produced ly the action of two axes of double refraction, is equal 
to the diagonal of a parallelogram whose sides are the increments 
of the square if the velocity proceed by each axis separately, 
and calculated ly the law of Huygens, and whose angle is 
double of the angle formed 1y the two planes passing through the 
ray andMie respective axes. 

When the two axes are of equal intensity and of the same 
character, the preceding law gives' the very same results as 
the la^w of Huygens does for One axis placed at right angles 
■fo^thei Other two. ' - ■' : v’ 

;ii^esisaTj."l:q'^'<^serve, to tbe^.'/^hOrhave 

phendmena qf'doublo 
ac&n'^ of .at- 
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tractive and repulsive forces. If a ray of light is exposed 
to the ordinary action of a repulsive or an attractive force 
emanating from two equal and rectangular axes, there is no 
point of incidence at which the resultant of these forces is 
nothing, or there is no resultant axis along which the ray 
ceases to be divided. In like manner, if the ray is exposed 
to the action of two equal and rectangular axes, one of 
which is repulsive and the other attractive, there are innu- 
merable points of inddjence in which the resultant of the 
forces is nothing, and these points are situated in the cir- 
cumference of two great circles perpendicular to the plane 
passing through the axes, and bisecting the right angle 
which they form with each other. These, however, are 
results entirely incompatible with the actual phenomena of 
double refraction. 

In the preceding sections of this letter, I have included 
only the more general results ,of my researches, and have 
reserved, for another paper, an account of my experiments 
on the absdlute polarising forces of crystals; on the form of 
the ellipsoids by which their double refraction is regulated, 
and on the position of their axes with respect to thdr natural 
faces, or with respect to certain fixed lines in their priraitive 
forms. • 

In treating of the coloured rings produced by polarised 
light, I have likewise omitted the phenomena v?hich are pe- 
culiar to individual crystals ; and I have not ventured to 
adopt ^uiy theory Of their fo . : ^ . 

I cannot, HowOy;^,:jS^ tins j^a^ir without noticing 
the ftappy applicatiphv^iuich pr. Thomas Young has madet 
.•of this: , to' the' , expl?nati6sh.'ih^'^ 
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this class of colours. The various phenomena of thick and 
thin plates ; the colours of inflected light ; the hues of the 
supernumerary rainbow ; the fringes which I observed with 
two inclined plates of glass of equal thickness ; the colours 
noticed by Mr. Nicholson and Mr. Knox, with plates cf 
unequal thickness; the communicable colours of mother 
of pearl and striated surfaces ; and the colours which I 
have discovered by the successive reflection of polarised 
light between metallic plates, and surfaces that produce total 
reflection, are all referable to this simple law. But while we 
thus admire the wide range of phenomena which the law of 
interference embraces, it is necessary also to state, that its 
application to the colours of polarised light is still attended 
with some difficulties, and that there are other phenomena of 
complementary colours which I have lately observed, that 
resist this method of classification. These, however, are 
merely difficulties in the application of the law, and not 
objections to its generality ; and I have no doubt .hat Dr. 
Young will succeed in referring them to the same cause, and 
will thus add to the honour which already belongs to him, of 
having generalised a long train of perplexing and important 
phenomena.* 

I have the honour to be, &c. &c. 

DAVID BREWSTER. 

To the Right Son. 

Sfr Joseph Bmis, Bart. &e. &c. &c. 

• copununicated to Dr.YoirKC the contents of the preceding paper, 

me to subjoin to it the following letter s 



' , ** Yo^r esperiments, on the colours afforded by crystals hawng two 

c^taeal to^waa b l i a b a very important result in the theory of light ; for 
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supposing them to be perfectly represented by your general law, it will follow that 
the tint exhibited depends not on the difference of refractive densities in the direction * 
of the ray transmitted, but on the greatest difference of refracdve densities in 
directions perpendicular to that of the ray. These two conditions lead to the 
same result, where the effect of one axis only is considered, but they vary materially 
where two axes are supposed to he combined i and I do not immediately perceive by 
what modification it will be possible to accommodate the laws of interference to 
these experiments. There can be little doubt that the direction of the polarisadon, 
in such cases, must be determined by that of the greatest and least of the refractive 
densities in question f ; and it seems to be very possible to apply your mode of cal- 
culation to many other phenomena, in which the polarising powers of different 
crystals are combined. 

Believe me, dear Sir, 

Ypnr faithful and obedient servant, 

Thomas yotrNo,” 

f This supposition of Dr. Young’s is quite correct. In another paper, which will 
soon be submitted to the Royal Society, I have given a general method of finding 
the direcdon of the polarisation for any combination of axes. 
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METEOROLOGICAL JOURNAL 

for January, 1817. 



29,56 

2945 

29,41 

29,50 

29^57 

29,62 

29.27 
.29,27 
29,82 
29>79 
29>57 i 

29*5^5 

30.27 

3043 

3044 
30,44 
30^56 

30,5 s 

30,61 

30,55 

3043 

30,36 

30^,15 

30,04 

29^73 

129,54 

2947 

26,95. 

,28^89 

29»34 


s 

1 

s 

1,2 

s 

I 

s 

I 

w 

I 

w 

1 

sw 

3,3 

sw 

2 

NW 

1,2 

w 

I 

s 

2 

w 

I 

w 

X 

N 

1 

NW 

I 

NW 

1 

S$E 

1 

S 

I 

W 

1 

W 

X 

W 

1 

NNW 

I 

W 

z 

NNW 

z 

: W 

1 

SW - 

z 

NW 

1 

, W 

' I 


J 

'• ^ s 

:'t' 

r'N. ‘ 

1 

’■S ' 

^ z , 


[in the night* 


Cloudy, 

Cloudy, 

Fine. 

I‘hick Fog, 
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for January, 1817. 


Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

H. 

M. 

0 

0 

Inches. 

8 

0 

41 

46 

28,88 

2 

0 

44 

48 

28,89 

8 

0 

43 

48 

29,06 

2 

0 

44 

s* 

29,09 

8 

0 

41 

48 

29,07 

2 

0 

43 

48 

28,86 

8 

0 

47 

47 

28,80 

2 

0 

48 

SI 

28,82 

8 

0 

37 

48 

29 H 9 

2 

0 

42 

S 4 

29,70 

8 

0 

42 

49 

29777 

2 

0 

47 

S 3 

29,86 

8 

0 

41 

51 

29,88 

2 

0 

i 53 

S^ 

30,02 

8 

0 

48 

54 

30,20 


0 

49 

57 

3o>24 

0 

8 

0 

48 

St 

3073* 

2 

0 

49 

56 

30,20 

8 

0 

44 

S 3 

SO^zS 

2 

0 

45 

S 3 


8 

0 

47 

52 


2 

0 

49 

54 

30735 

8 

0 

43 

St 


2 

0 

45 

56 

3 o >34 

8 

0 

44 

51 

30*30 

2 

0 

47 

57 

30*33 

8 

0 

43 

s? 

30*33 

2 

6 

SO 

56 

30,28 

8 

0 

43 

53 

3043 

2 

0 

49 

57 

3«^47 


Westhef. 
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for February, 1817. 



Time, jTberm« Therm. Barom. 
{without, within. 



Inches. I I Points. 


Feb. il 8 o 


40 

50 

42 

44 

38 

42 

40 

43 

39 

45 • 
49 

so 

.45 

4« 
49 
49 
48 

, 49 

8 O’ I 4^ ^ 


z o 
10 8 o 


2 o 
14 8 o 
z o 


3°>53 

3 o >53 

30.50 
3044 
30,35 

30.27 
30,01 ^ 

*9.76 -6 

29»73 5 
,29,90 
30,01 c« 
30,06 d 

30,17 1 

30,26 § 

30.28 s 

30,33 .J 

30.35 

30.36 .l 

30,18 a 
; 30,07 
29,84 
30,00 

2947 

29^1 

29,% 

^944 

29>So 

29,7<ij 


N 

W 

W 

W 

W 

NW 

sw 

sw 

NW. 

rNW 

W 

W 

w 

WNW 
W 
W 
W 
W 
W 
W 
N 
N 
W 
\ N 
' W 
W 

w 

‘ N 


I Cloudy and hazy. 

I Cloudy. 

I Cloudy. 

I Cloudy. 

I Cloudy. 

I Cloudy, 

I Cloudy. 

I Cloudy, 
i Fine* 

1. Cloudy. 

1 Cloudy. 

I Cloudy. 

1 Hazy. 

1,2 Cloudy, 

I Cloudy. 

I Cloudy. 

I Cloudy, 

1 Cloudy, 

I Cloudy. 

1,2 Cloudy, ' , 

I Rain, 
i Fine, 
t Cloudy, 
r, Cloudy. 

1 Rain, . 

1 Rain, ^ [night, 

X Clou4y^ rainy^.and stormy 
1 Fine. 
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for February, 1817. 




I hazy. 

I Fair. 

1,2 Cloudy, hard gale of wind in 


1 Cloudy. 
I Fine. 


[the night. 


WbyNj 1 Fine. 

* 1 Fine. 

I Cloudy. 
I Cloudy. 
X Cloudy. 
I Cloudy, 
I Cloudy. 
1 Fine. " 

I Cloudy. 
I Fair. 

I Cloudy. 
I Fine. 
uz Fine. 
i Cloudy, 
i Fair. 
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for March, 1817. 



29,77 

29’57 

29-74 

29,66 

29,44 

29.06 
29,22 

29.21 
29,27 

29^35 

28,87 

29.07 
29,20 

29- 35 

29,07 

29,24 

29,40 

29,61 

29,98 

36,06 

30- 17 

30,02 

^^.>94 

29,98 

3^>oi 

30.22 

3«>24 

30 ,z 8 

# 0»29 

30,-24 


W 

SW 

W 

W I 

SW I 
W 
W 
W 

NW 

W 

NW 

W 

NW 

W 

w 

w 

w 

w 

WNW 

w 

w 



Cloudy. 

Cloudy* 

Cloudy. 

Fiac. 

Fine, a stormy night. 

' Rain. 

Fine. 

Fine. 

Fair.^ 

Fair. 

Rain. 

Fine. 

Fine. 

Fine. 

Rain* 

Fine, a fall of snow at lo a. m. 
Cloudy. 

Fine. 

Fair. 

Fine. 

Fine. 

Cloudy. 

Fine. 

Cloudy. 

Cloudy and hazy. 

Cloudy, 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. ; „ 
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for April, 1817. 


■1 

Time.^ 

Therm, 

Therm. 

Barom. 

1 

Winds, 


mm 



without. 

within. 


I 













Weather. 

■ 

a 

9 

m 

H 

Inches, 

1 

Points. 

Str. 


Apr. 1 

7 

0 

45 

53 

30 »s 6 


S 

2 

Fair. 


2 

0 

53 

63 

30>54 


E 

I 

Fair. 

2 

7 

0 

43 

55 

30H5 


E 

1 

Thick and foggy. 


2 

0 

53 

63 

30.38 


E 

1 

Fair. 

3 

7 

0 

43 

57 

30^35 


N 

1 

Fine, but rather hazy. 


2 

0 

54 

62 

30,35 

. 

N 

I 

Fine. 

4 

7 

0 

45 

p 

30,42 

S 

jC 

N 

I 

Fine. 


2 

0. 

52 

64. 

30,40 

u 

n 

„ E 

X 

Fine. 

5 

7 

0 

43 

56. 

30*38 


B 


Dark and hazy. 


2 

0 

- 5® 

62 

30.37 

0 

N 


Fine. 

6 

7 

0 

40 

54 

30.38 


N 

1 

Fdr. 



0 

+7 

55 

30,43 


N 

2 

Cloudy. 



0 

44 

S3 

30,49 

♦4 

S 

N - 

1 

Cloudy. 



0 

SO 

61 

30,47 

0 

E 

I 

Fine. 

8 

7 

0 

40 

p 

30,27 

A 

W 

2 

Hazy. 


2 

0 

S3 

62 

30,04 

JO. 

W 

2 

Fine. 

9 

7 

. 0 

44 

54 

29^95 

r* 

SW 

1 

Fine, rain in the night. 


2 

0 

50 

57 

30,04 


NE 

1 

Cloudy, 

10 

7 

0 

36 

5* 

30,03 


N 

I 

Fair. 


2 

0 

40 

56 

30,13 


N 

2 

Fine. 

11 

7 

0 

34 

SO 

30,30 


N. i 


Cloudy. . 


2 

0 

44 

■ 55 , 

30,30 


N ; 


Cloudy. . 

. 12 

7 

0 

43 

5* 

30,12 


W 


Cloudy. 


2 

0 

59 

■55. 

30^06 


N 

X 

Cloudy. 

*3 

7 

0 

46 

S3 

30,b8 


NW 

2 

Cloudy. 

2 

0 

- 5®' 

53 

30,12 


N 


Cloudy. 

' M 

7 

Ot 

48 

■- 5* :'- 

30,09 


N 

t 

Fine, rather hazy. 


2 

b 

SI 

59 

30,06 


K 

t 

Fine. 

: ': ■ ^*5 

7 

0 

53 

- 55" ■■■' 



■ 

1 

Cloudy. r. : ^ \ 


2 

jO 

58 

■ ''fio;;/' 

;.;%V ^ ' 


in if; ' 


line. ' 




'A " 















LSI 
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for June, i8 17. 



Time. 

Therm. 

Therm. 

Barom. 


Winds. 


1817 



without. 

within. 


1 



Weather. 

H. 

M. 

B 

B 

Inches. 

1 

Points. 

m 



June I 

7 

0 

47 

ss 

29.78 


NW 

1 

Cloudy. 


2 

0 

57 

56 

29>79 


N 

i 

Cloudy. 

z 

7 

0 


55 

29,78 


sw 

I 

Fine. 


2 

0 

56 

57 

29,75 


w 

I 

Cloudy, 

3 

7 

0 


55 

29.70 


w 

I 

Cloudy. 


2 

0 

60 

6x 

29>74 

. 

sw 

1.2 

Fine* 

4 

7 

0 

48 


29,52 

J 

w 

1.2 

Rain. 


2 

0 

62 


29,76 

U 

N 

2 

Fine. 

5 

7 

0 

53 

V 

30,10 

t -4 

w 

X 

Cloudy. 


2 

0 

59 

60 

30,11 

0 

sw 


Fair. 

6 

7 

0 


59 

30.05 

0 

w 

I 

Cloudy. 


2 

0 

% 

30,03 

JCJ 

w 

1 

Fine. 

7 

7 

0 


61 

29,95 

4 -* 

G 

w 

1 

Cloudy. 


2 

0 

67 

67 

29,87 

0 

s 

1 

Fine. 

8 

7 

0 

F 

62 

*9.74 

*9.78 


w 

Z 

Cloudy. 


2 

0 

62 

65 

• ^ 

NW 

X 

Cloudy- 

9 

7 

0 

55 

60 

29,88 

4 -» 

w 

I 

Cloudy. 


2 

0 

S 4 

62 

29,82 


sw 

X 

Rain. 

10 

7 

0 


60 

29.75 


w 

1.2 

Cloudy. 


2 

0 

64 

63 

29,84 


WNW 

I 

Fine. 

H 

7 

0 

, 5 a 

|9 

30,66 


; W 

X 

Fine. 


2 

0 

62 

6z 

30,02 


W 

1 

Fine. 

iz 

7 

0 


60 

29,80 


! S 

1 

Cloudy, rainjn the night» 


2 

0 

s<s 

61 ; 

^,68 


SW 

I 

Cloudy. 

n 

7 

0 

|5 


29,65 


E 

X 

Cloudy. 


2 

0 

00 

61 

29.38 


s 

' 2 

Rain. 


7 

b 


59 

29^2 


w 

Z 

Fine. 


2 

'O 

58 

00 

29,61 


w 

1*2 

Fine. 


7 

0 

1! 

58; 

30,12 



i 

Fine. 



"0; 

60 

: 59 .' ' 

30,23 



Fine. 
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for June, 1817. 


Time. Therm, 
without. 




I Cloudy and hazy. 

£ Fine. 

I Fine. 

I Fine, with showers. 
I Hazy. 

I Fair. 

I Fine. 

I Fine. 

I Fine. 

I Fair. 

1 Fair. 

I Fine. 

i Thick and cloudy. 
1 Fine. 

I Fine. 

1 Fine. _ 

I Cloudy. 

1 Pine. 

I Thick and hazy. 

I Fine. 

I Cloudy. 

1 Fine, 

X Qoudy. 

I Fine. 

I Cloudy. 

I Fine. 
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METEOROLOGICAL JOURNAL 

for July, 1817. 


Time. 


Therm, i Therm, 
[without J within. 


H. M. 


63 

V 

f 

62 

62 

58 
66 

6s 

60 

63 

67 

5o 

66 

59 

60 

57 

65 

57 

64 

59 

61 

F 

60 

OQ 


60 

6f 

60 

60 

61 
58 
60 

60 

6t 

^6t 

6^ 

65 

62 

68 

63 

63 

62 
65 

64 

61 

63 

61 

% 


Barom. 


Inches. 


29.85 

29,8$ 

29.81 

29.82 

29*95 

29.97 

29.98 

29.99 
29*93 

29.88 
29,78 
29,81 

29.89 
29,92 

30.03 

30.04 
30,01 
30,00 
29,94 
29,^0 
29,66 
29,80 
29,84 
29,89 
30.03 
29,98 
29,80 
29,80 

29*77 

^9.83 


Winds. 

Weather. 

Points. 

Str- 

N 

1 

Fine. 

NW 

1 

Fine, 

WNV7 

1 

Cloudy. 

WNVY 

i 

Fair. 

WbvN 

I 

Fine, rather hazy. 

VV 

I 

Cloudy. 

W 

1 

Fine. 

WNW 

X 

Fine. 

SW 

1 

Cloudy. 

SW 

1,2 

Cloudy. 

. SW 

I 

Rain. 

S'W 

z 

Cloudy. 

NW 

I 

Hazy. 

iV 

I 

Cloudy,thunder in the evening. 

SW 

r 

Hazy. 

NW 

r 

Fair. 

S 

2 ■ 

Fine, 

S 

I 

Fine. 

s 

1 

Chiidy^ 

HNW 

X 

Cloudy. 

WbyK 

1 

Fine. 

W 

1 

Fine. 

W 

1 

Cloudy. 

SW 

1 

Fine. 

w 

i 

Fine. 

w 

1 1 

Cloudy. 

w 

I 

Cloudy. 

, NNW 

i 

Cloudy. 

w 

t 

Cloudy, 

w 


Rain, 












METEOROLOGICAL JOURNAL 

for August, 1817. 


Time, Therm. Therm. Barom. 
without, within. 


Aug, 1 7 o 
2 o 
^70 
2 o 
7 o 
2 o 
7 o 
2 o 
7 o 

2 Q 



7 O 59 

2 0 67 

70 58 

2 0 68 


Weather. 


29.79 
29,82 

29>93 

29,94 

29,78 

*9.73 

29.80 u 

Z9,76 g 

29,96 « 

30.06 «! 
30.08 ¥ 

30.06 ( 

29,96 5 

29.85 o 

29.57 s 

29.56 

29,72 

29.77 

29.86 I 

29.85 

29.86 
29,69 
29,42 
29,42 
29,25 

29.58 

29.57 

29.76 

29.78 

29.77 

29 i, 76 . 

29.79 


W I 

NW 1 
W I 
NW I 
SW a 
NW I 
W a 
NNW 1.2 



I ICIoutty. 
* iCteudy. 
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for October, 1817. 



Time, Therm. Therm, 
without, within. 


Oct. 17 8 
2 

i8 8 

2 

IQ 8 


2 o 

20 8 o 

2 O 

21 8 o 

2 O 

22 8 o 

2 O 

23 8 o 


2 o 

26 8 o 
2 o 

27 8 o 
z o 

28 8 o 
2 o 

20 8 , o 
2 O 

30 8 o 
2 O 

51 '8 o 
2 0 




$0,11 

30,08 

29,95 

29,88 

29^93 

29.92 
29>95 
29>95 S5 
29,90 -g 

129,87 5 
29,81 
29,86 IS 

29.93 2 

29.94 s 

29.93 I 

29,9^1 ^ 
29,72 .2? 
29,76 s 
29,86 .s 
29,74 

29*71 

29,51 

29.47 

29^43 

29,49 

^9>S4 

29,29 

29,26 

29,56 

29,86 


SE 

SE 

SE 

E 

E 

NE 
NE 
NE 
E 
SE 
NE 
NE 
N 
NE 
NE 
ENE : 
SW 
SE i 
SW 

s 

SE 
N 
W 
SW 
SW I 

NE 

SW 

WbyN 

SW 

SE 


I Cloady. 

% Rain. 

I Cloudy. 

I Cloudy, and hazy. 
X Rain. 

1 Cloudy and hazy. 
I Cloudy. 

X Cloudy, 

X Cloudy. 

I Cloudy. 

1 Cloudy. 

I Cloudy* 
r Cloudy^ 

X Cloudy. 

X Fair. 

1 Hazy. 



3 jFuWv 
z iRain. 
Xloudy* 
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METEOROLOGICAL JOURNAL 


for November, 1817. 


■ 

Time. 

Therm. 

Therm, 

Barom. 


Winds. 




-without; 

•within. 






H. M. 

0 

0 

Inches. 


Points. 

m 

W C&LikCf • 

iPHI 

Nov< 1 

8 0 

39 

49 

30,27 


' W 

I 

Fine. 


2 0 

53 

52 

30^37 


w 

1 

Fine. 

2 

8 0 

45 

49 

30^23 


sw 

2 

Cloudy. 


2 0 

S 3 

50 

30,19 


w 

*•2 

Cloudy. 

3 

8 0 

52 

50 

30,23 


sw 

1 

Cloudy. 


2 0 

50 

52 

30^21 

, 

sw 

I 

Cloudy. 

4 

8 0 

49 

52 

30:^10 

0 . 
.n 

sw 

1 

Cloudy. 


2 0 

S2 

53 

30,05 

0 

w 

1 

Cloudy. 

5 

8 0 

48 

p 

® 9»97 

♦w 

s 

1.2 

Cloudy. 


2 0 

52 

01 

^>95 

0 

s. 

I 

Cloudy, 

6 

8 0 

52 


29,82 

g 

L sw 

1 

Fine. 


2 0 

53 

SI 

29,92 


s 

1 

Cloudy. 

7 

8 0 

53 

|8 

29,77 

4 .>l 

CJ 

sw 

1 

Fine. 

8 

2 0 

8 0 

57 

52 

63 

P 

29,63 

29,51 

0 

s 

SE 

sw 

1 

I 

Cloudy. 

Fine. 


? 0 

52 

02 

*9,97 


sw 

2 

Cloudy. 

9 

]B 0 

48 

57 

29,59 


w 

! 

Fine. 


2 0 

42 

58 

29^84 

’« 

w 

1 

Fair. 

10 

8 0 

48 j 


29,96 j 

Oli 

w 

I 

Cloudy. 


2 0 

S 3 

60 1 

29,99 


sw 

1 

Cloudy. : i 

II 

8 0 

SO 

|8 

29,76 


sw 

1 I 

Fine. „ 


2 0 

52 

60 

29,74 


sw 

1.2 

Cloudy. 

“ iz 

8 0 

49 

S8 

29,78 


ssw 

I 

Cloudy . 

^3 

2 0 

51 

61 

29 »SS 


sw 

1 

Cloudy. 

8 0 

44 


* 9^79 


w 

1 

Fine. 


2 0 

S2 

62 

29,82 


sw 

1 

Fine. 


8 0 

54 2 

S8 . 

29.59 


sw 

1 

Cloudy, 

, i ■ ' 1 

'2^' ‘‘O 

' 54 - ■■ 

62 

29,50 


, sw 


Rain. 


8 0 

53 : 

59 . 

*9,33 


s 

> 2/ 

Rain. 


''^2r':oJ 

5 * 

61 

26,52 



X.2 

Fine. ; 
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METEOROLOGICAL JOURNAL 

for December, 1817. 


Thcnn. 

without. 

Therm. 

within. 

Barom* 

1 

0 

0 

Inches. 

39 

5 « 

29 > 6 o 


43 

57 

29,71 


44 

55 

28.95 


46 

56 

28,91 


42 

53 

28,81 


46 

58 

28,82 


4 » 

53 

29,36 

cn 

^3 

55 

^ 9>$7 


34 

40 

29*54 


37 

48 

29,51 

rrv 

0 

33 

46 

29*54 

l-v 

36 

52 

29*53 


36 

43 

29*55 


34 

48 

29*55 

C 

32 

44 

29,66 

- 5 : 

34 

50 

29,76 i 

f-* 

32 

44 

29,96 


35 

45 

29 97 

‘S'- 

39 

42 

30,0^ 


33 

48 

[ 30,1^ 


37 

44 

29,85 


40 

48 

29,96 


35 

44 

29*^54 


37 

44 

29,77 


. 28 

4 ^ 

30,13 



47 

30,16 


36 

42 

30,00 


42 

5 * 

29,97 


33 

45 

30,05 


3 * 

45 

30*05 



1817 


Time* 


H. M. 


8 o 

2 O 
8 p 
2 O 

8 o 

2 O 

8 o 

2 O 


2 O 

S o 
2 

8^ o 


MDcecxvni. 



Winds 

« 




Weather* 

Points* 

Sir* 


w 

.1 

Fine. 

wsw 

1 

Fine. 

WNW 


Hazy. 

W 

1 

Fine. 

w 

1 

Cloudy* 

w 

1 

Cloudy. 

m 

1 

Hazy* 

N 

1 

Cloudy. 

E 

1 

Hazy. 

E 

1 
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XIV. On the parallax of certain fixed stars. By the Rev. John 
Brinkley, D.D.F.R.S. and Andrews professor of astronomy 
in the university of DiAlin. 

Read March 5, 1818. 

The attention of the Royal Society has been lately called to 
the subject of the parallax of the fixed stars, by the astro- 
nomer royal ; and as this has been occasioned principally by 
the results of observations which I have made at the Obser- 
vatory of Trinity College, Dublin, I have taken the liberty 
of offering a few remarks relative to, and connected with this 
subject. 

The Royal Society did me the honour to publish an extract 
of a letter to the late Dr. Maskelyne on the parallax of « 
lyrae; since which time, in pursuing my observations, I 
have met with apparent motions in several of the fixed stars, 
the cause of wMch I was unable to explain, unless by attri- 
buting them to parallax. Among these stars « aquilae exhi- 
bited the greatest change of place, r 

The results of my observations have been published in the 
1 2th volume of the T ransacticms of the Royal Irish Acaiiemy 
• '..Mpepcxvin., '0;0 ^ ' 
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I there detailed my reasons for supposing that I could not 
have been misled by any source of error in the instrument, or 
in the mode of observing ; and I trust, whatever may be the 
final result as to this subject, that I shall not be considered 
as having too hastily adopted the explanation by parallax. 

I. remarked, in the essay to which I have referred, my 
reasons for not being surprised that the Greenwich circle did 
not immediately confirm my results. However, after several 
years observations, Mr. Pond was led, although he had 
found discordances of a similar kind, but much less than 
mine, to doubt the explanation by parallax, and certainly 
with good reason, as two instruments that might be supposed 
equally adapted for the examination, seemed to give different 
results ; in consequence of which he took measures for sub- 
mitting the matter to another kind of trial. He most laudably 
applied to the Royal Society, as visitors of the Royal Observa- 
tory ; and by their assistance, and by the advantage of 
vicinity to the first artists, he has been enabled to put up his 
fixed telescopes. 

Thus, unless unforeseen difficulties shall be found to exist, 
this question is likely to be soon decided ; and certainly on 
many accoimts,.itis a most interesting question. 

It is now about sixteen months since Mr. Pond informed 
me of Ms doubts respecting the conclusion I had drawn from 
ray results, and from that time I have anxiously looked to 
every observation that tended to confirm my conclusion, if 
Just, or inyalidam it,, if wrongs . 

yeairs have been ^ w unfavouiafe for astro- 

opportunitfes always, in 
atmosphere, v&sy few, have been 
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during that time fewer than usual. However, I have been 
able to obtain some results that I shall notice farther on, 
which appear to coincide with my former ones as to « aquilas, 
in a remarkable manner ; and it is to this star that we are, I 
think, to look for the final decision of the question. As to » 
lyrag and- arcturus, my results have not been so uniform as I 
had expected from my former observations; but as to a 
cygni, my recent observations are consistent with my former 
ones, in exhibiting the same discordance between the summer 
and winter observations as before, wMch appeared to me to 
point out a parallax for that star, but less than for any of the 
other three stars. The results of the observations of Mr. 
Pond, by the fixed telescope, as given in the last volume of 
the Transactions, appear, at first sight, very decisive against 
the existence of any visible parallax in a cygni ; but in con- 
sidering these observations, a difficulty suggests itself, which 
if founded, will render the result deduced from cc cygni and 
/3 aurigae quite inconclusive. This, and some other points 
relative to the fixed telescopes, will be noticed farther cm. 

If it shall appear that I have been deceived by a constant 
source of error in my instrument as to these stats, it will be 
of much importance to investigate that source ; and although 
at present I can form no conjecture as to any, cause, yet, 
when it shall be found actually to exist, it will be incumbent 
on me to endeavour most strenuously to investigate the 
cause; and in so doing, I conceive I shall render a most 
acceptable service to astronemiers. It will be shown, whether 
it be a cause that wEi be likely to affect other instruments. 
It appears at present, from the results of Mr. Pond, that the 
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Greenwich circle is subject to a similar cause of error (sup- 
posing the discordance should not arise from parallax), and 
that this cause has been diminished, if not entirely done 
away, by reducing the internal air to the same temperature 
as the external. 

However, from all the consideration that I have been 
enabled to give the subject, I am led to entertain doubts of 
the fitness of an instrument similar to the Greenwich mural 
circle, for this delicate enquiry. I do not allude to the objec- 
tion stated by Mr. Pond, since, as he justly observes, that is 
obviated by keeping the telescope fixed to the same place on 
the circle during a period of observations, as w'as the case in 
the observations of 1813, and as to those mentioned in the 
Appendix. And in respect to Mr. Pond’s paper, and its 
Appendix, as given in the first part of the Transactions for 
1817, it appears to me doubtful, whether the results, if they 
could be exactly obtained (that is, if the elements from which 
they are deduced were exact), may not be such as to furnish 
a discordance explained by a parallax nearly equal to mine, 
or whether the results might not be entirely against parallax. 
My reasons for entertaining these doubts, will appear in the 
following remarks respecting the elements used in computing 
the index error, in instruments similar to the Greenwich 
mural circle. 

j The polar distance of a star, as observed by a mural circle, 
f^uiios^ besides .the corrections for refraction, aberra.tioh, 
^nual variation, Scq. also the applijpatioh of the index error. 
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Let i = index error. 

J=:inean polar distance of a star of the standard 
catalogue deduced from observation. 
c = mean polar distance of the same star in the cata- 
logue. 

Then 

i=: d-— c 

Let 0 = observed polar distance. 
r = refraction. 
p = parallax. 
a = aberration of light. 
n = nutation. 
s = semiannual equation. 

V = annual variation. 

Then £ = 0 ^ 4 - p'\-a-^n-\-s-^v-^c 

these quantities being applied with proper signs. 

Now i partakes of the error or uncertainty of each of these 
quantities. 

a. Let us suppose that there is no error from the observa- 
tion or construction of the instrument; that is, let us suppose 
o exact. 

2. As to refraction. Any uncertainty in the quanti^ of 
refraction affects the index error, and therefore, the required 
polar distance of a star, although that star should be in or 
near the zenith. Thus the determination of the polar distance 
of a star in the zenith, will partake of any tmcertainty in the 
refraction of the lower stars used for the iridex error. 

Let lis see to what this may amount as to the index error 
by a single star, 

Bradley's refradicais* by which the Greenwich observa^ 
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tions have hitherto been computed, differ from the French 
refractions as follows. 

, The French refraction at 45°=57/'5l therm. 50, and 
Bradley’s refraction at 45 =56, gj barom. 29,60 
and the mean difF. = o",6 x tan, zen. dist. nearly. 

But this will not affect the index error, as it equally affects 
r, &c. 

But the effects of the change of temperature as computed 
by Bradley’s, and by the French refractions, have an im- 
portant concern in this enquiry. 

To deduce the actual refraction from the mean refraction 
for height of thermometer = the mean refraction is multi- 
plied by according to Bradley. 

According to the French tables, the multiplier is 

at least sufficiently nearly so for the 30 standard stars of 
Mr. Pond. ' 

The difference then between Bradley’s refraction and the 
French refraction from the change of temperature, is nearly 

X mean refraction. 


Now Procyon is one of the standard stars ; and when this 
star passes the meridian in June, soon after mid-day, we may 
siq>pose FAHRENHEir’s thermometer at 70*1 and when this 
star passes the meridian in December, near midnight, the; 
the?moi|io£er may be at 30®- The mean refraction of this> 
st® at Greenwich, is 5$" ne^ly. Therefore the refraction 
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take place in winter. Hence an uncertainty in the index error, 
which as deduced from Procyon, might occasion a difference 
in the zenith distance of (ex. gr.) « lyr® in summer'and winter, 
= bearing a considerable proportion to the supposed 
discordance in summer and winter. This is an extreme 
case: the index correction, as deduced from other stars, 
would not be so much affected. The polar star below the 
pole, is likely to be often used, and might occasion an uncer- 
tainty of about 1" under similar circumstances. 

When I call this uncertainty, I suppose the matter is en- 
tirely doubtful as to the preference to be given to either of 
the formulas. 

Bradley’s law of change from temperature waf deduced 
from his astronomical observations, but other astronomical 
observations do not contradict the law of the French formula ; 
which has also been confirmed by physical experiments, and 
seems more to be depended on. 

It appears then that an incorrect law may materially affect 
the index error, and occasion incorrect results. 

It therefore seems of the first importance with respect to a 
mural circle, to ascertain with exactness the law of variation 
of refraction from change of temperature ; otherwise errors 
will be mixed up in all the conclusions. 

It vrill not be possible to deduce easily, by the results from 
Bhadley’s refractions, the results that the French refractions 
would give. 

For this j>urpose it will be necessary not only to know the 
mean temperature at the obitorvations of the star, whose 
north polar distance is reqmred, but also the temperature at 
the observations of stars which the index error is com- 
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puted, which in fact is much the same as to recompute the 
index error, 

I know not how far this may have been a source of inac- 
curacy in the north polar distances (p. 388, Phil. Trans. 
1815), from the French refractions. 

Tliey seem to have been merely deduced from the column 
of N. P. D. by Bradley’s refraction, and the mean heights 
of the barometer and thermometer, as given in page 386. 

3. As to p, or the effect of parallax, we are not certain that 
many of the standard stars may not have a parallax in de- 
clination, amounting to a fraction of a second. This there- 
fore so far will render the index error uncertain. 

4. As* to a, or the effect in declination of the aberration of 
light. 

The maximum of aberration, pretty generally adopted of 
late years by astronomers, is 20", 25. The researches of the 
Chevalier Delambre have, principally led to this. The 
maximum formerly used was 20". The former is probably 
more exact, but by no means certainly so. It is even possi- 
ble that the maximum of aberration- may be so low as 20'^, or 
The strongest argument for 24^^' is derived from the 
researches of M. Delambre, respecting the reflected light 
from Jupiter’s Satellites ;* which certainly cannot be consi- 
dered conclusive as! to the direct light of the stars. 

It seems reasonable to conclude, from an examination of 
Dr. Bradley’s paper oh aberration, that this matter requires 
fisher exaimpaflon, and that there is an uncertaintY' amount- 

^secxHudH” ■ If so, , theTmJeireriori'^m-. ' 

'Astrbnl!T<)iH.. J'j.p.-ibj:;,': i'r; i : '• 
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puted by the pole star may be uncertain o",s or 0^,3, in July, 
and the same in an opposite direction in January. Add to 
this, it has not been usual for astronomers to consider the 
variable velocity of the earth in its orbit. The effect of this 
in N. P. D. as to stars, the .Jl’. of which are nearly 3* or 9® 
is always insensible, but not as to stars, the iEl*. of which 
are nearly o* and 6®, and are also far from the ecliptic. This 
quantity is nearly 

ab. in N. P. D /■ f ... o \ 

= 63 -cos.^© Long. ~ 9* 9.) 

and therefore in the pole star may amount in July to o",34,. 
Hence, from these two causes, the uncertainty in the aberra- 
tion of the pole star in declination in July may be = 

The joint effect of these causes will be o in October and in 
January. 

The index error computed by the pole star when below 
the pole in July, will be opposite to the above, and thus the 
index errors so computed at the same time may dilSer 

5. As to M, or the nutation, according to some astronomers, 
the nutation in declination, 

= 7*585 Sin. (JR — s) -f- i'Vi5 Sin. ( JR -p ® ) - - ( 1) 

according to others, 

8",4sSin. (JR — a)-!* i*, 23 Sin. (JR-j- ** ) “ - - (s) 

M. Laplace * made it ( as will appear by the proper re- 
ductions) so great as 

8", 76 Sin. ( JR--a) + -f- a - - (3) 

(1) is the nutation according to Lambert's tables. The 
maximum of formula ( 3 ) was deduced from the mass of the 
moon, (tihs earth being unity), as determined by the 

'M^. Gei; Tom. 3, p. 350. : ‘ 

MDcccxvnr. ' P p 
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tides at the j)ort of Brest. Laplace* afterwards mo^fied this 
quantity, in consequence of the determination of Delambre, as 
to the lunar equation of the solar tables ; of the determination 
of Dr. Maskelyne, as to the nutation itself from Bradley’s 
observations ; and of the determination of M. Burg, as to the 
parallax of the moon. These three determinations agree in 
deducing nearly the same mass of the moon, and induced 

Laplace to adopt and then the nutation will be nearly 

that in formula ( 3), which as nearly the same as that of 
DELAMBRE.'f- 

-Laplace has farther considered this subject, and finds, 
according to a high degree of probability, that the maximum 
is between md 

From the above there is evidently , room for some uncer- 
tainty, which uncertainty may be doubled, by taking two 
stars differing 180° in right ascension. 

M. Delambre, although he thinks the maximum in aber- 
ration is settled, supposes the mass of the moon still subject 
to some uncertainty.§ 

6. As to s, or the semiannual equation as it is called. This 
= 0^,48 Sin. (s o —JR,). Here, on account of the smallness 
of the quantity of this equation, there is no room for any 
roaterial uncertainty. 

. There is also another equation omitted by astronomers, 
yiz. Sin. (3 This cannot Occasion a ‘greater 

than o^'joS,! and therefore scarcely need be noticed 

enquiryp / -J ^ ■■ 

; ^ I ^V; ■; . i8>o, p. 462. 
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7. As to V, or the variation in declination. This consists of 
two parts, one the effect of the precession of the equinoxes, 
and the other of the proper motion of the star. The former 
seems determined with sufBcient accuracy. Also as far as 
regards the stars of the standard catalogue of Mr. Pond, the 
latter seems pretty well agreed on among astronomers. But 
here arises a question of some importance : is the proper mo- 
tion of each star uniform ? It is assumed to be so in computing 
it by two results separated by a long interval. A series of 
results sufficiently accurate, and separated by intervals suf- 
ficiently long, have not yet been obtained to ascertain this 
important point. 

A star of the 6th magnitude, 1 Leporis, seeins to furnish an 
instance of a variable proper motion, by a comparison of the 
observations of Bradley and M. Piazzi. There is nothing 
against a variable proper motion in our theories of the nature 
and motions of the fixed stars. Hence, another source of un- 
certainty in computing the index error. 

8. Lastly, as to c, or the mean polar distance in the standard 
catalogue. This is subject to two nncer^'nties. The ori- 
ginal error in the catalogue, and an uncertainty in the annual 
variation, as mentioned in the last article. 

Notwithstandmg all the care that has been used by Mr. 
Ppiip in perfecting his standard catalogue, it may contain 
small inaccuracies, as will easily be apprehended from the 
observations in the preceding articles. 

The uncertainties to which the index error is liable from 
the above causes, are independent of thb|e to wJuch the 
to winch h b is also sn^ect. It i^y be 
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saidj that these uncertainties tend to correct each other, and 
that the uncertainty remaining, after taking a mean of re- 
sults from several stars, will be too small to be regarded. 
This indeed may be said as to the index error when applied 
to observations of the sun, moon, or planets ; but not, I think, 
when it is applied to investigations relative to the parallax 
of the fixed stars, annual variation of north polar distance, 
exact determination of the quantity of aberration and nutation, 
and these, it will be allowed, are objects of great importance 
in the .present improved state of astronomy. 

Indeed, with respect to the parallax of the fixed stars, 
several of these objections may be obviated by a proper 
selection of the standard stars. Thus the uncertainties of 
refraction may be avoided by using only stars near the zenith. 
The objection in the 8th article may be partly obviated by 
using the same stars for ascertaining the index error at the 
two periods of greatest and least parallax, and so of other 
uncertainties. No error as to parallax arises from neglecting 
the unequal motion of the earth in its orbit, as far as regards 
the index error computed by the same stars at the two periods. 
But this selection of stars will be limiting the use of the in- 
strument, and the advantage of a mean of a number of ob- 
servations lost j and in fact, with respect to the index errors 
used in determining the NvP. D^. of « Lyrae, » Aquilae, and « 
Cygni, as given by Mr/ Pond, Phil. Trans, 1817, no parti* 
stars, with a view to these points, seems tb 
' -.-v ■;.! 

, ' sugg;est'ed, that thh ■■ifiurai •;.&ele ■ 
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respect to the observations given in the appendix of Mr. 
Pond’s first paper. But the knowledge of the stability of the 
index error during six or eight months, depends on the 
reductions by the standard stars; and therefore the above 
sources of uncertainty remain. Mr. Pond remarks, that 
between July and March the index error may have oscillated 
a small fraction of a second on each side the mean, and not 
more ; so that I think no important conclusion can be deduced 
from the results in that appendix. 

The differences between the exterior and interior tempera- 
ture may have tended to exaggerate the discordance between 
the summer and winter observations made at Greenwich ; 
but it may appear that sufficient observations have not been 
made to ascertain this point, when we consider the many 
other sources of uncertainty. As far as I have examined into 
this matter, with respect to my own observations, I cannot 
suppose any of my discordances materially affected by the 
difference of exterior and interior temperature. The room 
containing the circle at Greenwich is much smaller, and less 
lofty than the room of this Observatory, which contains both 
the circle and transit instrument. 

I hope I have so expressed myself, that I shall be under- 
stood to mean, that I consider the results of observations 
hitherm made by the Greenwich circle inconclusive as to 
the existence or non-existence of parallax, merely from 
the uncertainty of the elements used in the reductions, not 
from any errors of the observations, or from any defects itt 
the construction of the iristnuneht. ; 

1 more particularly b^r to the consideralion of asfrcH 
noiKBsrs the preceding -remarks, as in the present slate of 
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astronomy, the relative fitness of instruments for ascertaining 
with precision the smaller motions, whether real or apparent, 
of the fixed stars, is an object of importance. 

In instruments similar to that belonging to the Observatory 
of Trinity College, Dublin, the index error is found by 
reversing the instrument, the position of the vertical axis 
being ascertained by a plumb line. Thus the determination 
of the index error is not materially affected by any of the 
uncertainties above referred to. Therefore, by its principle, 
this instrument should appear particularly adapted for en- 
quiries relative to the annual parallax, annual variation, 
&c. &c. 

From the fixed telescopes we are probably to look for the 
final decision of the question of parallax. At first sight these 
seem to offer a very simple and certain criterion. However, 
a little consideration will point but probable sources of diffi- 
culty, Suppose the star under examination be compared with 
a star opposite in or with one as nearly so as can be con- 
veniently had. Besides the uncertainty respecting the annual 
Variation, even the uncertainty in the quantity of aberration 
may tend in some degree to conceal the parallax, unless the 
minimum of aberration in declination of each .ster be at the 
same time, and the observations are made pretty equally on 
both sides of this time. The star Aurigse has bee||judid- 
Qusly chosen by Mr. Pond to compare with » Cygni. A 
jraorepmjper star could not have been chosen ; yet here tbe 
of an uncertainty in the ' maximum of aberra^ibo^ 

vv')ffi;.bave ._a.sen^fe-eiej^i ' 
maX^Emro,:pnly -the 

for. 
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the observations given wouW be increased o",3^and jhis 
summer distance decreased by . about the same quantity ; 
which W'Ottld make his results difler in the same direction ais 
they should do by the effect of parallax. I do not intend by 
this that any argument in favour of parallax can be deduced 
from his results, but only to show the effect of small uncer- 
tainties. 

There may be uncertainty as to the stability of the instil- 
ment daring the interval which elapses between the successive 
observations of ce Cygni and ^ Atiri^, which is sometimes 
necessarily of several days. 

This .is the point before alluded to; and there appears, pn 
examining Mr. Pond^s results as to as Cygni and Q Aurigae, 
indications of such an instability, and that to an amount that 
may do /away the conclusion he has drawn from these ob- 
servations. 

The seconds of the micrometer for the same star should 
be the:samein summer and winter, after the usual reductions, 
supposing BO uncertainties in the elements of these reduc- 
tions, supposing no parallax,-and supposing no derangement 
in the instrument. Now^ referring to Mr. Ponp^s paper, the 
seconds fora Cygni are decreased by about in suramer, and 
those of /3 Aurigse increased by nearly the same quantity. 
This may be concluded to arise from a derangement in the 
instrument by the change of temperature, as Mr. Pond has 
mentioi^d no other cause. The eflfect of mi Increase of 
/temperature, therefme, appears to be to detuDase the seasnds 
jcif:« Gygni,andito in<a?^e tho^of ilS AurigSB. Applying this 
riD obsermtions ofihe sapm day in Wmter,a Cygni passes 

near ii(£Km,,and/l3iAipig» or at Ifs^ 
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late in the evening. An increase of temperature, therefore, 
relative to Cygni takes place, and the seconds in « Cygni- 
become less than they would have been had the temperature 
I'emained the same as in the night. The sum of the seconds 
of a Cygni and Aurigae is diminished by this cause, and it 
would be increased by the effect of parallax. Hence this 
cause tends to conceal the effect of parallax in winter. In 
summer the passages of a Cygni and 0 Auriga are reversed 
as to noon, and the sum of the quantities increased by tem- 
perature and decreased by parallax. 

This explanation, if justly founded, will have a tendency 
to diminish the value of stars nearly opposite in m, which 
'Mr. Pond so judiciously selected, and by which he avoided 
any uncertainty from differences of parallax. As to J Cygni, 
the winter observations, Mr^ Pond remarks, are far from 
satisfactory ; and they seem too few and too discordant to de- 
cide any thing, even supposing we were certain of the annual 
variation :of J Cygni, and that it had no visible parallax. 

I shallnow proceed to state briefly the results of my obser- 
vations up to the present time, which appear to point out 
parallax asto« C^gni, « Aquil 2 e,and »Lyrae; also the results 
of observations of <y Braconis. 


tr. 


The winter observations of this star cannot be materially 
JllfeCted % any unrartainty in the maximum of aberration, 
'?ib|kg(i^afi?r,nCarIy^ hoth- si4es/''of,thef rimer when ' 

~ '-o, r-Bui- ; summer 
When .aber- 
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aberration is to increase parallax. I have therefore used 
for my recent observations so''^, and corrected my former 
ones, which were computed with so*' max. of aberration ; thus 
using the most unfavourable quantity. 


Summer Z. dist. Jan. i, 1815. 



N\Ob. 

0 /. 

1811 & 1812 

1814 

1815 

1817 

23 

10 

so 

14 

8 45 4571 74 P 

45,97 - 1 - 72 p 
46,12 +-,4SP 
45,22 -1- ,68 p 

67 


Winter Z. dist. Jan. 1, 1815. 



N®. Ob. 

0 # ii 

1810-13 

1814-15 

1816-17 

34 ' 

15 

16 

8 45 47 ,^a — > 7 ® P 
4^79 — >80 p 

46.57 — 76? 



The correct means of the preceding results being taken by 
attributingto each a weight proportional to the number of 
observations, we obtain 

8® 4s' 46* ,86 — ,77 p = 8* 45' 45" ,77 + , 6 $ p 

or a p as the angle subtended by the diameter of 

the j^ftih's orbit at the star. 

MndCCXVIII. ' 
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» Aquilae. 

The stars (2 and y Aquilae pass the meridian within a few 
minutes of the passage of a Aquilae; and as they are much 
inferior in brightness to that star, and differ less than 3 
degrees in declination from it, I conridered that if I could 
observe the three stars on the same day, the comparisons of 
the observations in winter and summer would furnish much 
information relative to the parallax of « Aquilae. 

As the stars pass so nearly together, there was not suffi- 
cient time to read off the three microscopes for each observa- 
tion ; I therefore, for some time, read off only the bottom mi- 
croscope for <y, to be compared with the reading of the bottom 
microscope for «, and the three microscopes for «, giving up 
the observation of Afterwards, I only read off the bottom 
microscope for u,, and thus wa g v a t a b l e d txr-^erv g. Unfor- 
tunately from the few observations to be obtained in October 
and November, when the sun approaches these stars, I have 
not succeeded hitherto in obtaining a sufficient number of 
observations ; but my summer observations appear very satis- 
factory, in agreeing with the result from the former observa- 
tions of these stars, which were made in the autumn of 1813, 
and with Mr. Pond’s north polar distances; tvhereas the 
summer z^th distance of « Aqiulas has been uniformly less 
thm the winter zenith distance of that star. So that, as far as 
I feye gone with this kind rf trial, the results have been very 
in fhvour of the^p^^ As iri recent 

^tfly ! the- bottom. i^i^scoj^Tnas ■ 

'only* 
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The conclusion as to the parallax of this star does not dilFer 
materially from my former one, where the three microscopes 
were used. 


Summer Zenith dist. Jan. 1, 1817. 



N^ Ob. 

by bottom microscope. 

1808-18 fa 
1814 

1815-1816 

1817 

38 

21 

aa 

35 

106 

44 59 36,38 + .38 p 
36,92 4* ,21 p 
S6»io 4 - » 3 ® P 
36,54 + i26 p 


Winter Zenith dist. Jan. 1, 1817. 



N^ Ob. 

by bottom microscope. 

1808-181S 

1813-1814 

1816- 1817 

1817- 1818 

38 

.M .. 

SO 

SQ 

44 59 38,51 — , 4 PV 
39 , 20— ,47 p 

38,36 — 45 P 
S 7 i 57 — » 44 P 

10s 


The ojirect means give 

44° SS" + .8° P = 44° S9' 3*"aS — .44 P 
or » ac^ observations* 
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The following are the results of my observations of a Lyras, 
My former observations are here reduced to what they 
would be by the French refractions, and the other observa- 
tions have been reduced, taking the maximum of aberration 
= 3 ©"^. Both circumstances tend to diminish in a small 
degree the parallax ; but- the result from all my observations 
gives the double parallax above a second less than I should 
have expected from my former observations. Whether the 
discordance 1 had found was to be attributed to parallax, or 
any other cause, I had expected the new results would not 
materially differ from my former conclusions. Although it 
has happened otherwise, yet an examination of the different 
results will, I conceive, be found not to contradict my former 
remarks respecting the accuracy to be attained by ray 
instrument 


' Summer Zenith dist. Jan. i, 1811. 



hr. Ob. 

■ 

0 / // . 

1808-1813 

1814 

1815 

1816 

1817 

^5 

20 

20 

11 

1:2 

H 19.35+ >78 p 
19,87^ ,78 p 
19,86' + ,74 p 

3048 -j-, 77 P 
13,62 -f- ,63 p 
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Winter Zenith dist. Jan. i, 1811. 



N°. Ob. 

/ // 

1808-1813 

1814- 1815 

1815- 1816 

1816- 1817 

1817- 1818 

6 i 

30 

14 

34 

14 46 30,98 — ,79 p 
31,00 ,78 p 

19.47 — »68 p 

30,88 — ,76 p 
20,06 — ,76 p 

134 


The correct means give 

4 - .76 P = so", 64 — ,77 p 
or p = o",66 

or 3 p s= i", 33 ,the result of 36s observations of 

66 Lyrse. 

Draconis. 

Of this star, the mean of 53 observations in „ , 

winter gives mean Z. D. Jan. 1. 1814. = 3 5s 17,^5 
observations in summer give = 1 53 17,93 

This result is in a direction contrary to parallax, and there- 
fore had I compared the diflPerences of zenith distances of this 
star and 66 Lyr£e, in summer and winter, the result would have 
given me a greater parallax for a Lyrae. 

Hiis conclusion is quite opposite to that of Mr. Pono, and 
seems to me a point of much difficulty to be explained. 
However, from . the mean of my late results as to a hyrae, I 
am inclined now; to 'insider my former argument deduced 
from y Draconis of le^ ;Weight, tban I had attributed to it, not 
th^klng the ^servations of 7 Diaconis sufficiently numerpus; 
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I have thus stated the results of my observations, and the 
conclusions that seem to follow as to the parallax of the 
respective stars. The many causes that may lead, if not to 
actual error, at least to a high degree of uncertainty, induced 
me in the paper alluded to, to speak with hesitation as to my 
explanation. The observations of Mr. Pond, as far as they 
go, seem to invalidate that explanation, particularly as to 
» Cygni-and a Lyrse. 

It is by observation alone that the decision can be made. 
No conjecture as to the relative distances of the stars can be 
of any material weight. The conjecture, in itself probable, 
that the brightest stars ate nearest to usj seems opposed by 
another conjecture, also by itself probable, that those stars 
are nearest which have the greatest proper motion. 

Some of the brightest fixed stars have scarcely any sensi- 
ble proper ihotions, while those of some much smaller are 
very perceptible. The two stars, 61 Cygni, have each an 
annual proper raotion of about 5", 3 in right ascension, and of 

in declination. These stars are of about the 6th magni- 
tude, and one a little brighter than the other. 

This great proper motion seemed to render it probable, 
that these stars are sufficiently near to iis, td have a visible 
parallax. I accordingly made observations on one of them, 
but found nothing satisfactory; 

Also 40 Eridtoii which IS of the : 5th rna^tude, haa so 
^reat a proper motion, that yve might conjecture it to be 
;nea^(tO;Usthan;many''pf.the\bnght5er stars, v... 

rXejtejiye; f- die* ^ 
di|ii^e#-weakens 
of north 
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polar distances of stars having nearly the same right ascen- 
sion, and north polar distance. 

It viould be an interesting circumstance, could the existence 
of visible parallax in any one star be ascertained, and placed 
beyond doubt, by the joint results of two separate instru- 
ments. The comparison of my summer and winter observa- 
tions of at Aquilm indicating so great a parallax, induces me 
to expect that as to this star it may yet be accomplished. 

Mr. Pond suggests that the efiects of refraction may occa- 
sion some uncertainty as to this star. This can only arise 
from irregularity of refraction ; and it seems scarcely possible 
that the mean of 100 observations can be sensibly affected 
thereby. My refractions have been computed from the 
internal thermometer placed on the instrument: had they 
been computed by the external thermometer, the di^rence 
b^ween the summer and winter zenith distances of « Aquilae 
would have been lessened about o",g. As a Aquilse passes 
the meridian near noon in winter, there is seldom much 
difference then between the external and internal thermo- 
metCThere. 

If the discordance which I have found between the summer 
and whiter zenith distances had arisen from the dii^rent 
temperatures at the two seasons, it might have been expected 
that Aldebaran, Capella, a Orionis and Procyon would have 
been much more affected by this cause ; as in winter they 
pass the meridian at night, and in summer in Ae day time; 
and therefore; as to these the observations are made in the 
ejEtremes of temperatKpe. 

; 'To inany, the time and labour spent in this minute enquiryj ; 
may appear wastedi* Some however will justly appreqafe 
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the exertions that have been made here and at Greenwich. 
Several attempts to observe the parallax of the fixed stars 
have failed since the time of Dr, Hooke, apd Mr.FLAMSXEAD,* 
and if this should end like the rest, it will be some satisfac- 
tion to have ascertained, beyond doubt, certain limits ; and 
also, probably to have occasioned these limits to be still 
farther circumscribed by the observations of Mr. Pond, in 
the event of his not confirming my conclusions. 

* See note (B)* 

Observatory of Trinity College, 

Dublin, Feb. 20 , j8i8« 


Note (A). ' 

Upon examination of Dr.! Bradley’s* account of the aber- 
fatlbn, it will appear, I think, that the maximum of aberration 
deduced therefrom, cannot be depended on to ^ of a second^ 
Dr. Bradley afterwards mentions, in his paper on the nuta- 
tion, that he had revised his computation, and states so'^ as 
the result nearest the truth. The result from the eclipses of 
Jupiter’s satellites, as deduced by M; Delambre, is 20^, The 
limit bf the prol^ble error of this latter determination is hot 


easily known ; but it appears to mb that we oUght to adopt 
the result of Dr. Bradley’s revision j rather than any con- 


i^sion we can deduce from the data in his first paper. Wo 

tO; '-refer tb^; ahd'ttdS'to. -be"’ 
the' 'nlaxMa'rrpf:daahgbs of 
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declination (D— D') in seconds, without fractional parts, and 
thence deduces for each star the maximum of aberration. 



D — D' 

2 a 

2 a "f” 

<y Draconis 

39" 


40.3 

(3 Draconis 

39 

40,2 

40.2 

5} Urs« Maj*. 

36 

404 

4® >4 

at Cassiopeae 

34. 

40,8 

41,1 

T Persei 

25 

41.0 

41.4 

a Persei 

23 

4 p,s 

40,2 

35 Camel. 

19 

40,2 

40,2 

Capella 

16 

40,0 

39,7 


Mean 

i 

40,40 

1 



I re-computed the maximum of aberr, from column D— D', 
and find the results as in column s a -f , which differ a little 
from Bradley’s results in column 2 a, but differ considerably, 
from M. Zach’s results (Conn, des Temps. 1810, p. 459) as. 
to T Persei and 35 Gamel. However, M. Zach seems not to 
have attended to Dr. Bradley’s remark respecting r Persei, 
and therefore, as to this star, his result is erroneous ; and Ms 
different result from 35 Camel, must have teen an error of 
computation. 

It is evident both from the consistent results, and Dr. 
Bradley’s remarks, respecting the annual variation, which he 
deduced from observation, that his observations from whence 
the above results haye been deduced, must have been ex- 
tremely accurate. The changes of nutation (evident by his 
oteeryatipns, but at that time unknown to him) are include 
in the annual variation ; and hence no source of error on this 

WDccCxvm, ' Rr 
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account, except from error of observation: therefore we 
may conclude that had Dr. Bradley used the fractional parts 
of the seconds, the maximum would have been very accurate. 
We cannot now estimate the effect of this omission ; we can 
only see that it is probable it has had a sensible effect on his 
conclusion ; arid we may suppose this to have been corrected 
by his subsequent revision. His words in the paper* on 
nutation are, “ I have again examined my observations that 
were most proper to determine the transverse axis of the 
ellipse, which each star seems to describe, and have found it 
to be nearest to 40"; which number I therefore make use of 
in the following computations.” He had at first concluded it 
to be On the whole then, it seems that 30" is the 

result deduced from the direct light of the fixed stars, and 
2o"|. from the solar light reflected from Jupiter's satellites, 
it is highly probable that future observation will find these 
quianfities exatrtly equal. At present there exists an uricer- 
tainty. 

■Note (B.) 


The results of the attempts of Hooke and Flamstead are 
remarkable; the former reasoned justly on inaccurate ob- 
s©rvatioiis;~and^he latter wrOrig on - exact, -ones ; and both 
imagined they had discovered a parallax. Hooke, who 
erectOd at Chelsea a fixed telescope, §6 feet long, for observ- 
ing y Draconis^^^^ a charige of place agreeing with a 
parallax. The great iriecharil'car skiU 
■ ‘ttf' te;;;^esc^|ie>:- and' ' the^: 
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surprise at the erroneous results of Hooke's observations ; 
which he. Dr. Bradley, had considered as exact, till they were 
contradicted by Mr. Molyneaux's observations, and by his 
own. He says,“ I cannot well conceive that an instrument of 
the length of g6 feet, constructed in the manner he describes 
his,could have been liable to an error of go" (which was doubt- 
less the case), if rectified with so much care as he represents.” 

It may be remarked here, that the results of the observa- 
tions of « Cygni with the fixed telesojpe of Mr. Pond, as 
given in the last volume of the Transactions, would in them- 
selves appear to indicate a considerable parallax in that star, 
and thus produce an error similar to that of Hooke. But 
Mr. Pond guarded against such a source of error, by using 
two stars ; and therefore no derangement of the instrument 
could affect his results, except as far as it might take place 
between two succeeding observations. 

Flamstead's instrument, which he has described in his 
letter to Dr. Wallis,* was a mural arch of 14,0*, by which 
he could observe all stars visible in his hemisphere; and 
observe below the pole all drcumpolar stars that were not 
above ii°|-frora the pole. He deduced the index error of 
his instrument by observations of the pole star corrected for 
refraction ; not at first considering any correction for paral- 
lax as necessary : but he soon found a correction necessary, 
which he attributed to the efiect of parallax. In this he 
was singularly mistaken. The result of his observations 
was, that the diameter of the circle described by the pole star 
about the pole, was I'ao'^or I'go" greater in summer than 
in wnter. 

* Wallis’Oper* tom# Si. p* 701* 
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This we now know to be the effect of the aberration of 
light. Thus Flamstead^s observations give the maximum 
of aberration 20", or 22"|-. The near agreement of this 
with Bradley’s result is much greater than could have been 
expected from Flamstead’s instrument ; but the remarkable 
circumstance is, that Flamstead should have been so much 
mistaken iii his mathematical application ; and that W allis, 
who interested himself much in the question of parallax, did 
not point out his mistake : it can only be attributed to the, 
great age of Wallis, who was then in his 83rd year. 
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XV. On the urinary organs and secretions of some of the am- 
phibia. By John Davy, M D. F. R. S. Communicated by 
the Society for the Improvement of Animal Chemistry. 

Read April a, 1818. 

Colombo, March 1S17. 

The urinary organs of the amphibia have been imperfectly 
described by authors ; but I am not aware that any account 
has hitherto been published of the urinary secretion of any 
of this class of animals. 

Since I have been in Ceylon, both subjects have excited my 
attention, and on both I have had favourable opportunities of 
gratifying my curiosity. It may not be uninteresting to the 
Society, to know the results of my observations. I shall briefly 
state them, wnfined as they are at present to a few animals of 
four natural families. 

1, €f the urinary organs t and urine of ^rpentSi 

The kidneys of the different kinds of serpents I have ex- 
amined, resemble each other generally ; though in each kind, 
there are minute and trifling differences. In every instance, 
the kidneys are very large, nearly equal in size to the liver ; 
they are long and narrow, and very lobulated ; like some of 
the manimdia with conglomerate kidneys, they are destitute 
of a pelvis ; each lobule sends a small duct to the ureter, which 
leaver the kidney in two branches. The ureters in general 
tenuinate in a angle papilla. The papilla is situated in; the 
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cloaca between the mouths of the oviducts; it is a little elevated 
above the surface, and its point is directed towards a receptacle 
into which the urine enters. The receptacle is a continuation 
of the intestine, yet it may be considered distinct both from 
the rectum and cloaca, with both of which it communicates only 
by means of sphincter orifices. This conformation of parts 
may be seen to advantage in large species of snakes. I first 
observed it in the rock-snake and the rat-snake, two species 
of coluber, frequently found from eight to ten feet long. 

The urinary duets of serpents are frequently of an opaque 
white colour, from a white matter which they contain, which 
is visible through their transparent coats, and which may be 
expressed and collected from the papilla in small quantities 
for examination. More or less of a similar white matter is 
almost constantly found in the receptacle ; generally it is found 
in soft lumps, rarely in hard masses. In the receptacle, I have 
always observed it pure and entirely free from fascal matter. 
This solid urine, for such it is in reality, gradually accumulates 
in the receptacle, till it forms the masses just described. It 
is a long time thus collecting, from three weeks to a month 
or six weeks. When the bulk of the masses is so considerable 
as to distend the part, they are expelled fay an unusual exer- 
tion of the animal, most commonly in the act of devouring its 
food, vyhich it takes periodically, at intervals of from three to 
six weeks. The urine is voided occasionally, accompanied by, 
neyer mixed with, fjeeesi When expelled, itis commonly 
a butyracebus (X>ftsistence, Which it loses irtmi 

_attd;,like'CcSa.ik-':;ifi ^p- 

'Uri'he; secreted 
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and secretions of some of the amphibia. 

by snakes is very great, more even than might be expected 
from the size of their kidneys ; it is not unusual to see masses 
weighing three or four ounces, voided by large snakes. 

The chemical nature of this urine was such as I expected 
to find it ; I say expected, because before 1 left England, I was 
told by Dr. Protjt, that he had examined the excrement. of a 
serpent in London, and had ascertained that it was nearly pure 
uric acid ; such have I found it here in every instance, in at least 
eight that I have tried it ; and the properties of that fresh from 
the ureter,' were precisely the same as of that contained in the 
receptacle, or of that voided. Before the blow-pipe, it emitted 
Strong ammoniacal fumes, consumed without flame, and 
afforded only a very minute quantity of ash, consisting chiefly 
of phosphate of lime, and a fixed alkaline phosphate, and a 
little carbonate of lime ; in muriatic acid it was insoluble ; in 
warm dilute nitric acid it was soluble with effervescence ; and 
the solution evaporated, afforded the pink residue almost 
peculiar to uric acid ; in an alkaline ley it was soluble, and 
the solution was precipitated by muriatic acid. These pro- 
perties sufficiently prove, that the nature of the urine of 
snakes is as above stated. Besides uric acid, I have not been 
able to detect any other ingredient, nor do I believe that the 
urine contains any other, with the exception of a little dilute 
mucus, with which it is mixed and lubricated. 

Of the urinary organs^ and urine of lizards . 

I have examined the urinary organs of four different 
spedes of lizard, thegeckq iguana, a large species resembling 
the r%uana, called by the natives kobbera-guion,* arid the 

: ' 5 For account of this sec History of Ceyjoiu : - 
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alligator. The shape of the kidney varies in different instances; 
to each ureter there is a papilla, and the papillae are situated 
in the receptacle itself ; and in no other respect have I been able 
to discover between the urinary organs of these lizards and 
of snakes, any material difference. . Neither does the urinary 
secretion of these four species, and of many other species 
that I have examined, differ from that of snakes in its essen- 
tial nature ; in every instance I have found it nearly pure uric 
acid. The uric acid of the alligator contains a large proportion 
of carbonate and phosphate of lime. Two specimens of this 
urine, from different alligators, agreed in this circumstance ; 
they differed however in one having no odour, and the other 
a strong one of musk ; the former was from a very young, 
the other was from an older animal. 

3 - Of the urinary organs and urine of the: turtle and tortoise. 

The kidneys of the testudo raydas, and geometrica, the 
only species I have hitherto examined, resemble those of the 
preceding animals in their lobulated structure. The propor- 
tional size of the kidney of snakes is greatest ; that of lizards 
next; and that of the animals we are now considering, least. 

In the bladder, both of the turtle and tortoise, I have found 
flakes of pure uric acid, but in no great abundance : it was in 
a transparent watery fluid, containing a little iUucus and 
conamon salt, but no urea or any other substance that I could 
detect in the smafl quantity on which i operated. 
;/:;v:||;:&^';iCiinpustq‘bbserVe^^thelinks'';byrtwhichani^^ 

cChaieeted toii;etlften;'' 'i'/irhat 
analogy '■ betwf^ 
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not surprising, their organic structure, and their habits and 
economy being so similar ; but that an analogy should exist 
between animals so veiy different in general appearance as 
birds and amphibia, is not a little singular, yet it is true : 
the urinary organs of one class, as well as the lungs, primse 
vise and genital organs, resemble those of the other, and both 
are peculiar in secreting uric acid ; those living entirely on 
animal food secreting it pure. 


Ss 
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XVI. On a mal-conformalion of the uterine system in, women; 
and on some physiological conclusions to he derivfidfrom it. In 
a letter to Sir Everar^ Home, Bart. K. P. R, S. fi<m Af 
Granville, M D. F. R. S, F. L. S. Physician iri, ordinary , to 
H. R. H. the jyuke of Clarence ; Memlier of. the Roygl, OoUege 
of Physicians f and Physician- Accoucheur to^the. ff^estrninster 
General Dispensary. 

Read April i6, 1818. 

Dear Sir, 

"WhenI proceeded, two years ago, to Paris for the purpose 
of studying still farther, and in a more advantageous manner, 
the particular branch of the medical profession I have em- 
braced, you did me the honour to request that I would com- 
municate to you any fact, which might occur to me during 
my stay in thait capital, calculated to elucidate the pro- 
cess of generation. The good fortune I enjoyed in being 
admitted into the Maternity, or Great Lying-in Hospital, than 
which no other similar public institution hi Europe, except 
perhaps that at Vienna, is better calculated to advance the 
study of the obstetric art; and the. frequent anatomical inves- 
tigations at which I assisted, through the kindness of Mons. 
Ghaussier, <me of the most distinguished professors of the 
Faculty of Medicine, have, I am willing to believe, placed it 
; pqw^^ you on .the: subject (rf.ypur teque^^^ 

■ ' ■ . hptfeyqr* -.^l^ch the, numerpjuaoijpbrtHai- 
;v me,;;,0(^ the 

more 
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to be inention'ea than the one which it is the purport of the 
present letter to describe; and when I reflect on the many im- 
portant researches you have made on this interesting subject, 

I feel cotifident, that you will find the contents of the following 
pages worthy of your attention ; since the case they record ap- 
pears to me to stand sinjgle in the annals of descriptive anatomy. 

It is for this reason, therefore, that I shall confine myself to 
its description alone, leaving any other information I may pos- 
sess On die subject, as matter for future correspondence. 

Early in June 1^17 , 1 was summoned to attend the owning 
of the body of a woman aged 46, Who died at L,a Maternity ^ 
six or seven days after delivery, of wlat had long been sus- 
pected to be a disease of the heart, or of some of the larger 
vessels. This conjecture was riot ill founded ; for on examining 
the cont^ts of the thorax, an aneurisiri of the aorta was dis- 
covered, together with a considerable enlargement of the heart. 
As a Subject for secondary consideration, it may not be im- 
proper to irierition; alsb, that the bronchiae Were found liried 
by a beautifully formed membrane, entirely detached from 
their iririfer sufiaceS, arid admitting of Being extracted without 
deranging its tubiform stfuctrire; yet, the phdtot had ririver 
omriplairied of any di&f der of the resprato^ organs. 

Ouf atterifiori, however, during dissecfiori, was SOori engaged 
by a still more curious anatomical arrarigenaerit, which pre- 
sented itself 7 few 6ri the examfnatiori of the aBdOjtninal 
viSSera. TM woiribi half (bricealed By the iritestirieSi and im- 
mersed M a coriSid^ablfe* quantity Of seroud fluid, being four 
fMes at least- the sij^e of what hisM the urifiripre^aled state. 
Was lying in Its riahiial Oii clesriing it from all the 

diirioririipMg if Wis^ lonricf theft this Wscua had ; aoqi^^ 
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its full developement on the right side only, where it presented 
the usual pear-like convexity and undulation ; while the left, 
exhibited a direct straight line, scarcely half an inch distant from 
the centre, although more than two inches could be measured 
from that same point to the outline of the right side. But this is 
not all : the spermatic and uterine vessels, the Fallopian tube, 
and the ovarium, with its surrounding peritonaeal folds (which 
on the right side were placed as usual, and in their natural 
state, with the regular opening into the fundus uteri) were not 
to be found in the left. The rudiments, for they could be 
called by no other name, of those appendages of the uterine 
system on that side, were discovered lying in the inferior part 
of the cavity of the piSIvis, loosely connected ; with the cervix 
of the uterus ; the ligaraentum rotundum being inserted into 
the superior and interior ridge of the os pubis of the same side. 
In dfssecting this cohf used mass, we perceived what may be 
said to have been an ovarium, shrivelled, horny, and dry, and 
lost within the intricacies of the substance to which it was 
a|fached. , 

None of the other parts of generation presented any parf* 
ticular appearance worthy of remark. 

I have endeavoured to pourtray the peculiar arrangement 
of the parts above described in the accompanying sketch, 
taken at the time, (JPh XVII.) 

had been the mother of eleven children of 


’both sexes, and had, as I have beforoobserved, been dehve5ed 
'a'Je^j^'|^s,:j|reyiousl3f'dFtwins,‘a^,m and a female-.: .. 

^l^latter^i^rcgmsmncf i in, pjarticular,, '^%«!h??-^ehied'. 
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the cause that has been supposed to influence the procreation 
of the two sexes ; and to answer efiectually, if an answer to 
such a proposition can be thought necessary, the arguments 
adduced by some systematic writers on the su^ect, but more 
particularly by Mons. Millot, in a recent work, “ on the art 
of procreating the two sexes at pleasure in which he lays 
down distinct precepts for ensuring to parents either a male, or 
a female succession. Most of these systems, and that of the 
latter physiologist more especially, are founded on the ovarium 
and the other uterine appendages being always double ; and 
it is curious to reflect, that however gratuitous such an idea 
might seem, no proof to the contrary has ever been brought 
forward before, to my knowledge. 

The case I have now recorded, however, expunges of course 
for ever from our books of physiology such an hypothesis, and 
leaves us to discover a more plausible reason for this peculiar 
and very interesting feature in the process of generation. 

It moreover puts to rest our doubts respecting a pheno- 
menon of even greater importance, the existence of vvhichi 
eveiy physiologist, who has treated ou the subject, with the 
exceptkmof yourself, seems to have been disposed to deny. 
I allude to the fact of the ova of twins, and those of different 
sexes too, coming from the same ovarium ; when, as in the pre- 
sent case, the fimbriated part of the Fallopian tube must ne- 
cessarily remain attached for a considerable length of time 
to the ovarium, so as to allow both ova to pass into the uterus, 
without any union taking place between their membranes at 
period of their ppogtess flirpugh the tube, and afterwards 
(conaing in contact wl^ a different part of the womb, to wW^h 
they adhere. These cifcumstanc;es necessarily suppose 
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tance between the ova, which distance cannot exist without 
two distinct momenta in the propulsion of the two ova from 
the ovarium into the oviduct. 

What obtains in cases of twins, must also take place where 
three, four, or even six children have bmi brought forth at one 
birth ; three ova being formed in each ovarium, so near to each 
other, that the three points at which they were expelled, must 
have all come within the long continued grasp of the fimbriated 
bodies. Indeed it is possible, that the separation of more than 
one ovum at a time, from one ovarium, or from both, takes 
place oftener than we are led to believe, from the mere calcu- 
lation of the number of complex labours. For if the ova pass 
into the uterus even without copulation ; it is no bad logic to 
suppose, that some will occasionally go through that viscus, 
which are never impregnated at. all. This is indeed proved by 
a greater number of corpora liiteit being fOutid in the ovaria of 
some females, than corresponds to the number of youhg they 
have produced ; a doctrine, which I first read in your valuable 
communication in the PWlosophical Transactions, “ On thx 
Passage of the Ovum in Womens ^c.”’ when you last year gave 
me the paper to carry to Monsieur Guvier, and which I was 


happy to find 

naturalist, in Kis course of lectures on generation. 

These remarks lea# to another, arid the last eonsideretiotf 
cte the pr^ent namely, ^ exMence of sepattrite 

in cases of twins, ©f even ftriplets; Which imlesif 
Ip; Ite'tyue Bghti wp iB^e us tun the jefsk Of 

Of;' 

IfMnnces of riccuricencess 

be^';0^ hf 
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authors of veracity, and are recorded: in the registers of the 
Great Lying-in Hospitals at Paris and Viama. Within the 
last‘ eighteen months, four cases have occurred within my 
own practice^ and I. have at this moment in my possession, 
the preparation of two: placentse, one of which vsras expelled 
several daiys before the membranes of the second were: 
ruptured. In^tKe case I have related, both the placentJe and 
m^branea came away separately, and at different periods ; 
pro wng stillfarther the soundness of the foregoing reasoning, 
^ying a greater weight to; tlfe: pre^nt ote^ations; and 
explasning ai.raimberi oP cases in the ordinary process- of" 
geijerationi which have been: brought forward as cases of 
superfetation. 

In . one of: ll» volumes of the Transactions of the Royal 
College of Physicians, is a paper entitled " A case of super- 
fetation,” which merely goes to prove the occasional co- 
existCTice of' separate ova in uterOj and proves nothing 
farther." 

The Lady, whose prolific disposition is much descanted 
upon, in that paper; and witfr whom twin casm Were a com- 
mon . occurrence; was delivered of a male child smbctfene 
in: November; 1807, “ under drmmstances very distressing 
to the parents^ and on a bundle ‘ of straw and again in 
February; 1808, (that iSj searcdy three m(Miths afterwards) 
of another male infant “ mark the 

expression, for it was not made use of in d^ribing the 
first. The when 

nine-days old j li^d^lbngen Nbw^can we con- 

adt^vtlnS oth^wise "thSn -a# a commmi case of twii», |rt 
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■which one of the foetuses came into the ■world at the sixth, and 
the other at the ninth month of pregnancy, owing to the ova 
being quite distinct and separate ? Had this not been the 
case, the distressing circumstances, which brought on the pre- 
rnature, contraction of the womb, so as to expel part of its 
conti^ts jn November, as in the simplest cases of premature 
have caused the expulsion of the whole, or 
ihr^her'^dtds both ova, in that same month; and we 
shouldmot :;haye heard of ther^od^:dccj^^ in th^ ^ 
Jovi^i^? J^ebruai^y^^^^ ^dthpr pf;.,the , paper in- 

ipjestion:to bringithe ci^e fqrwar^, as^^ phe offshpeffp^^ 
opposition to i^hat he has called the scepticism of modern 
physiologists.” Had it been proved that the child, of which 
t^e I^dy in ^tiestiott wais; delivered,' had reacUed its full term 
of i?hdf that :ehe ;had. brought' ■ 

fQi^:-:ahoth^chi^|^j';|^di,'''c^:ithree'^^ 

hke stiperfet^on; ' 

Wtinid and scepticism would have been 


H X have DOW under my eyes a recent preparation from Mr. 
Chapman, at^^indsor, destined for Mr Clarke's cpllection; 
bnt»;^hiG%thrpugh the kindness, of I>r; have Keen 

, nf j|f .behigri^l^f^htered tipnother o ' 

■ foetns,. was? 






Ijufemsdead'wthf^ 
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315 


the uterine system in womens ^c. 

gical Society, I ventured to give an explanation of it, similar 
in point to the one I have offered with regard to the Lady from 
Palermo, mentioned in the Transactions of the College ; and 
I was happy to find that every one present coincided in my 
opinion ; throwing quite out of the question every idea of 
superfetation. 

I have the honour to be. Dear Sir, 
yours truly, 

A. B. GRANVILLE, 

Saville Row. 
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XVII. Nett) experiments on some of the combinations of phosphorus. 

By Sir H. Davy, L.L.D. F. R. S. Vice Pres. R. 1 . 

Read April g, i8i8. 

In a paper published in the Transactions of the Royal Society, 
for 1812, 1 have detailed a number of experiments on phos- 
phorus, from which I deduced the composition of some of its 
compounds with oxygen, with hydrogen, and with chlorine. 
Since the appearance of this paper, various researches have 
been brought forward on the same subject, in which some 
results, differing very much from each other, and from mine, 
are stated. I ventured to conclude that the phosphoric acid 
contained double the quantity of oxygen to that in the phos- 
phorous acid ; and that phosphoric acid contained about -f of 
its weight of oxygen. 

M. Berzelius considers the oxygen in phosphoric acid to 
be 128.17, and M. Dulong, 124.^, the phosphorus being 100. 
M. Dulong and M. Berzelius suppose the quantity of oxygen 
in phosphorous acid to be to that in phosphoric acid as 3 to 5. 

The motive which immediately induced me to resume the 
enquiiy respecting the phosphoric combinations, was M. Du- 
long's pa^r. This ingenious chemist has not only endea- 
ypared tio establish new proportions in the known compounds 
pf^iphiosphori^ ilkeyiii;^- attempted to pipve the 

t^^ of phosphorus ; and has denied 

: ^ ^ ■sufBciehtly ^ 'estaMished. 

Society'.in.the 
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following pages, will serve to correct and fix, I hope, with 
tolerable accuracy, the proportional number or equivalent of 
phosphorus, and at the same time will show the truth of the 
general series of proportions that I assigned to its compounds. 
In a case where my conclusions differ so materially from those 
of M. Berzelius and Dulong, it may be supposed that I 
have not adopted them without considerable caution ; and I 
have preferred my own results to theirs, only because they 
have been confirmed by minute and repeated experiments. 

I was certain from various experiments, made both long ago 
and recently, and the results of which had been confirmed by 
Mr, Brakde, that the proportion of oxygen, which M. Dulong 
assigns to phosphoric acid, is considerably smaller than that 
denoted by the combustion of small quantities of phosphorus 
in oxygen gas. I knew that minute portions of phosphuretted 
hydrogen were separated from phosphorus by voltaic electri- 
city ; and it occurred to me as possible, that water might be 
formed in the combustion of phosphorus, and separated from 
the phosphoric acid when it entered into saline and metallic 
combinations. To ascertain if this were the case, I passed 
phosphorus to saturation through red hot lime in a green 
glass tube connected with a mercurio-pneumaric apj^ratus ; 
the combination took place with vivid ignition ; but no elastic 
fluid was produced. A portion of the phosphuret of lime 
formed, was introduced into a tray of platinum, and heated in 
a glass retort filled with oxygen gas ; the phosphuret of lime 
burnt brilliantly , and became partly converted into pho^hate 
eJUme; but op restoring thq original teraperatare of the retort, 
th^ was no appearance.of vapfmr pr mmture. 

Hayli^ examined the phosphate of lime formed in J^is 
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operation, and satisfied myself that it was the same as that 
formed by other methods, it became evident that there were 
no sources of error in the experiments on the combustion of 
phosphorus in oxygen gas, arising from the formation or 
separation of water ; and the only circumstance which could 
be urged against the accuracy of processes on this combustion, 
was the small quantity of materials* on which they had been 
made. 

The vividness and rapidity of the combustion of phosphorus, 
renders it impossible to burn considerable quantities of phos- 
phorusin the common way in glass vessels. Phosphuret of lime 
burns much more slowly and less intensely. I endeavoured to 
ascertain the quantity of oxygen absorbed by a given weight 
of phosphorus converted into phosphuret of lime ; but the 
experiment did not succeed. Though the phosphuret of lime 
was in fine powder and distributed over a large surface, yet 
the phosphate of lime which formed and fused on the exterior, 
defended the interior of the phosphuret from the action of the 
oxygen, and prevented its combustion. 

After various unsuccessful trials to convert considerable 
quantities of phosphorus into phosphoric acid by combinations 
containing oxygen, I at last thought of a very simple mode 
of burning phosphorus, which answered perfectly. 

Phosphorus requires a considerable heat for its volatili- 
zation. By inclosing it in a small tube, so constructed that . 
the phosphorus can burn in vapour only from the aperture of 

: :’f be suspected in carbon combined with. phtKpbpms ji bat I 

bjr ^p'^imenis' ntade on ibe action of eblorine on the phosphorus 
i m^^»^^tji^|K4h^'iK>sEppKciabtfr‘^^ of'carbonV:I-SB,sp^t’tfaat what 

;is oftea 
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the tube, large quantities of it may be burnt by the heat of 
a spirit lamp in a retort filled with oxygen, and the absorption 
of oxygen and the quantity of phosphoric acid formed may 
be minutely ascertained. 

The accompanying sketch (PI. XVIII.) will give an idea of 
the apparatus. The neck of the little curved tube, or small dis- 
tilling retort, after the phosphorus is introduced, is drawn out, 
and an aperture left of about ^ of an inch ; it should not be 
smaller, or it becomes choaked by the phosphoric acid formed. 
Regulating the heat by raising or lowering the spirit lamp, 
the combustion may be carried on slowly, or rapidly, at 
pleasure. 

Operating in this way, I have often burnt from 5 to 10 
grains of phosphorus without any accident, and ascertained 
exactly the quantity of oxygen absorbed : there is only one 
source of error — a quantity of phosphorus remains in the 
upper part of the tube, which cannot be burnt except by a 
greater heat than the retort will bear ; and it is difficult to 
ascertain the precise weight of this, as the tube always 
unites with some phosphoric acid where it is red hot at its 
mouth ; but this can be only a trifling source of error. 

In these experiments, and in all the others detailed in tins 
paper, I received much useful assistance from Mr. Faraday 
of the Royal Institution ; and much of their value, if they 
shall be found to possess any, will be owing to his accuracy 
and steadiness of manipulation. 

^ ExperimentT./ 

, JSix grains, of phosphiprus. The small tube with the phos- 
phorus weighed before the , combustion 56.5 grains ; after 
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combustion 50.9; so that it had increased and this 
increase was in great measure from phosphorus that had 
escaped combustion; and when this was burnt out by a 
strong red heat, the increase of weight of the tube was 
under ^ ; so that at least 5.9 of phosphorus had been con- 
verted into acid: ag.5 cubical inches of oxygen were ab- 
sorbed : thermometer being at 46“ Fahrenheit ; barometer 
39.6 inches. 

Experiment IL 

Ten grains of phosphorus. The glass tube containing the 
phosphorus weighed 103.1 grains; after the experiment 95.6; 
but much phosphorus remained unconsuraed. After the tube 
had been heated to redness, it weighed 94 grains ; so that at 
least 8.4 grains of phosphorus were consumed in the first 
process. The absorption of gas was 34 cubical inches. 
Barometer 29.8, thermometer 47®- 


Experiment III. 


Ten grains of phosphorus. By weighing the tube after 
the experiment, and then distilling and burning the residual 
phosphorus, it was found that 9.1 grains of phosphorus had 
been burnt, which had absorbed 35.25 cubical inches of 
oxygen. Barometer 29.7, thermometer 49® Fahrenheit. 

I give the§e experiments as the most accurate I have made. 
The pressure and temperature vary so little, that the correc- 
tions for thena ^e of no importance. Supposing that 100 cu- 


i|pl^lihch<^ of oxygen (the Isrometer being between 29.8 and 
|herm^^ be^een 4^“,ahd 49® Fa^itheit) 

•be'.oom|».se4,- aceord- 
'ibo. 'phosphoius'.to 135. oxygen; 
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according to the second, of 100 to 137.S; and according to 
the third, of ico to 131.3: the mean will be 100 to 134.5. 

The light of the phosphorus burning in vapour in these 
experiments was excessively bright ; yet the top of the retort 
never became softened ; and the phosphoric add, which in- 
creased the weight of the tube, principally combined with the 
glass at the aperture where it was red hot. I cannot but 
consider this process of burning phosphorus in the gaseous 
state in a great excess of oxygen, as the most accurate mode 
that has yet been devi^sed for ascertaining the composition of 
phosphoric acid. In this instance no phosphorous acid, as I 
ascertained by direct trials, is formed from the vapour i and 
no substances are concerned except those that actually com- 
bine. M. Dulong’s method of ascertaining the composition 
of phosphoric acid, appears to me much too complicated to 
a£brd any results approaching to accuracy. He first com- 
bines copper wire with phosphorus, by passing phosphorus 
over it by means of a stream of hydrogen gas; he then 
dissolves his phosphuret of copper in nitric acid, and deter- 
mines the quantity of phosphoric acid formed by precipitation: 
in ail of which processes sources of error inay exist. 

M. Berzelius's methods of ascertaining the composition of 
phosphoric acid, that of reviving gold from its oxide fay 
means of phosphorus, and that of determining the quantities 
of phosphate and muriate of silver formed from perphos- 
phorane, or the perchloride of phosphorus, appear to me 
still more exceptionable; yet . his results on the quantity of 
oxy^n approach nearer to m'me than those of M; Dulong. 

facts which T endeavoured jto establish respectiEng 
chloride, in a paper publi^ed Ip the Philosophical. Tjansj^ 
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tions for 1810, show that the proportional or equivalent 
volume in which chlorine combines, is to that in which oxygen 
combines, as 2 to 1 ; and it follows, that 1 o grains of phos- 
phorus in forming the white sublimate, or perchloride, ought to 
combine with between 76 and 80 cubical inches of chlorine. 

In experiments that I formerly made oh this subject, by 
admitting chlorine to phosphorus in exhausted vessels, and 
ascertaining the absorption by introducing solution of chlorine, 
I overrated the absorption. I did not at that time know, what 
I have since ascertained, that a solution of chlorine in water, 
apparently saturated with chlorine, by agitation with it in long 
narrow vessels, will still take up more, by exposure to a great 
surface of chlorine in larger vessels. Under all circum- 
stances, it is difficult to gain very precise results in experi- 
ments on the action of phosphorus on chlorine. Mercury 
acts so rapidly upon chlorinei that it cannot be employed in 
experiments in which the absorption is to be determined. 
When common water is used, some of the gas is absorbed by 
the water, and, the sublimate being a very volatile substance, 
its vapour always increases the volume of the residual gas. 
Some aqueous vapour likewise, in experiments over water, 
enters with the gas, which forms a volatile hydrate, the 
effect of which is likewise to dimmish the apparent absorp- 
tion of chlm-ine. 

■ I have alw'ays found the absorption greatest, when I have 
, in small retorts, connected by small stop-cocks with 

the chlorine, over water. Makiag^fhe 
by the water;?the'^ppa- 
■ ^35'. to 0 inches for 
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M- Dulong's two methods of ascertaining the quantity of 
chlorine in the sublimate, appear to me at least as objection- 
able as his process for determining the composition of phos- 
phoric acid, and liable to great errors : the first from the 
uncertainty of the absolute quantity of chlorine admitted; and 
the second, from the loss arising from the vapour of the sub- 
limate, which must be carried off by the current of chlorine. 
How great a deficiency may originate from the last circum- 
stance, is shown by the following' experiment : 5 grains of 
phosphorus were converted into sublimate by chlorine in 
great excess, the remaining chlorine was displaced by passing 
common air through the vessel fpr some time, till not the 
slightest smell of chlorine could be perceived ; the retort was 
then weighed, and a current of air passed through it. Though 
this current could hardly have replaced the air contained in 
the retort, yet the loss of weight was 1.7 grains, and copious 
vapours were produced in the atmosphere. In a second trial 
of the same kind, there was a greater loss of weight, and by 
barely exhausting the retort, and then again admitting air, 
there was a loss of of a grain. \ , 

When chlorine is made to act upon phosphorus over meir- 
cury not carefully dried, some muriatic acid gas is always 
formed ; but when the mercury has been recently boiled, no 
efi^ of this kind is produced, and the vapour in the gas» 
forms a minute quantity of a liquid hydrate of the perchloride 
which by more water, is converted into muriatic and phas- 
j^oric acids, as I proved by some very delicate experiments ; 
so tlmt there is cei^airily no hydrcgen deimted in phosphorus 
by :^e ac^n of chibrinev'aaid in their mutual action a 
binary Compound of the two substimces is formed. , . i ! 
MBcccxyiii. U u 
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After reflecting much upon the methods of combining 
chlorine and phosphorus, so as to gain correct results, it 
occurred to me, that in operating over water, and introducing 
a perfectly saturated solution of chlorine to absorb the vapour 
of the sublimate and of its hydrate formed from the water 
in the chlorine, I should gain a result nearly correct. I made 
an experiment in this way on 4, grains of phosphorus, in a 
retort containing 13 cubical inches. I ascertained the absorp- 
tion, introduced into the retort a tube, containing about half 
a cubical inch of saturated solution of chlorine, and suffered 
the fluid slowly to act upon the sublimate, cooling the retort 
by immersion in water; I then ascertained the degree of the 
second absorption, which was nearly a cubical inch and a half. 
I likewise ascertained that water had its powers of dissolving 
chlorine diminished, and not increased, by uniting with phos- 
phoric and muriatic acids, so that the apparent absorption must 
Have been less than the real one. Adding the second absorption 
to the first, arid making the proper corrections, the quantity of 
chlorine uniting to 4 grains of phosphorus was gi.g cubical 
inches; barometer being go.i inches, and thermometer 46® 

, Fahrenheit. 

Rather a larger proportion would be given, if the correction 
for the presence of vapour had been made for some of the 
other experiments : and the result agrees exactly with the 
mean deduced from the absorprion pf oxygen in the formation 
of ^psphpric acid ; for, asisUming that 100 cubical inches of 

sublimate will;,,C!Ohsist ' 
and:.ta'kin|f-:the 
would 

:,consistsof '':f'®mi|^^^ho^s..and;'i35';df 0 ® ■ 
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To ascertain the composition of phosphorous acid, I used a 
new method, that of converting the perchlorideof phosphorus, 
or perphosphorane by phosphorus, into the chloride which 
affords phosphorous acid by the action of water. This is ea.sily 
done by heating them together in a close retort ; and it enables 
us to determine with certainty, which opinion is correct, that 
assuming the oxygen in phosphorous acid to be 3, or that 
which supposes it to be s.5, the oxygen in phosphoric acid 
being 5. 

5 grains of phosphorus were converted into perchloride in 
a small retort of the capacity of 6 cubical inches: it was 
necessary to exhaust this retort twice to remove the residual 
common air mixed with the chlorine, and some perchloride 
must have been lost during this process. A small quantity 
of chlorine, which could have been little more than sufficient 
to compensate for the loss, remained in the retort. 5 grains 
of phosphorus were introduced, and the retort suffered to 
remain filled, principally with common air ; heat was very 
slowly applied ; all the phosphorus, except an atom not so 
big as the head of a small pin, disappeared, and a little of the 
sublimate still remained, when the retort burst from the ex- 
pansion of the vapour of the new chloride formed; biit the 
chloride found on the fragments was pure^ and held no phos- 
phorus in solution. 

A second experiment was made in a retort of the capadty 
of 11 cubical inches. $ grains of phosphorus were converted 
mto perchloride : the? retort was twice cCihpietely exhausted, 
by which at least a grain and a half or two gndns of perchld- 
ride must have been losh 5 grdns of phosphorus were 
intruded ; a little of the sublimate was lost by faliitog mto 
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the stop-cock of the retort; yet the conversion of the phos- 
phorus by heat into the liquor was almost complete ; there 
remained only a minute fragment. In this experiment, 
however, the liquor held phosphorus in solution. When this 
phosphorus was precipitated by water, and obtained with the 
fragment by sublimation in a small glass tube, it did not 
equal of a grain, and was no more than could be expected 
from the loss of the sublimate. 

These two experiments prove distinctly that the oxygen in 
phosphorous acid is half that in phosphoric acid ; for if the 
proportion had been that which M. Dulong and M, Berzelius 
indicate, 1.67 grains of phosphorus, at least; ought to have 
remained after the action of the sublimate. 

A collateral experiment was made. 32.7 grains of the fluid 
chloride, made by passing phosphorus through corrosive 
sublimate in great excess, were acted on by water, and pre- 
Oij^tated by nitrate of silver ; the precipitate was immediately 
separated from the fluid, after it had been greatly diluted 
with distilled water. Distilled water was then repeatedly 
passed through it, and it was dried and fused, when it weighed 
-98.4 grains ; which, allowing S4,.5 per cent, of chlorine in 
horn silver,, would give the composition of the fluid chloride 
as 24.10$ of chlorine, and 8.59a of phosphorus. 

The comparative quantity of precipitate in this experiment 
so much less than I had found in a former experiment, 
;^^at, notWithstan^^^ ^th; which the process hafl bee 

: to make some more experim^tS -oir riie 

' ih;;whichi "the :decompQSitkp,: by water 

■; r which.;' ho! . .vapour , could 

and drying 



of the combinations of phosphorus. 327 

of the horn silver formed, with the greatest care, 18.4 of the 
liquid chloride afforded only 54.5 of chloride of silver, which 
agrees as nearly as could be expected with the former expe- 
riment, In two other experiments, made with equal care, and 
in which the liquid was poured into a solution of nitrate of 
silver, 6 grains gave 17.1 of horn silver, and 29.4 gave 89.9 
of fused horn silver. 

In exanuning minutely the circumstances of the action of 
the liquid chloride, or solutions containing phosphorous and 
muriatic acids, or nitrate of silver, I found no difficulty in 
explaining the cause of the error in the former experiments. 
Phosphorous acid acts upon nitrate of silver, and more 
rapidly in proportion to its concentration, and gradually 
produces a copious precipitate from it ; so that if there be an 
excess of nitrate of silver, and the precipitate be not imme- 
diately separated from the solution, there is always a consi- 
derable increase of weight. M. Dulong, and M. Berzelius, 
whose experiments agree with my former ones, may have 
been misled by a precipitation from the nitrate of silver by 
phosphorous add, as I am sure I was. M. Ber^lius does 
not state how he prepared his liquid chloride of phosphorus; 
but M. Dulong, w'ho objects to my process by corrosive 
sublimate, and employs, instead of it, the action of chlorine 
OR phos|ffiorus in forming his fluid, must have been exposed 
to other sources of error. He speaks of acting on dry phos- 
phorus by diy chlorine; but it.must be always extremely 
difficult to free gas that cannot be kept over mercury, of 
all its vapour ; arid as perchloride always forms during the 
action of phosplmrus on chlorine, a part of which produces a 
fluid, and easily volatile hjrdrate with water, and soltifaje to 
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11 proportions in the liquid chloride, this process must be 
very liable to error. I have never been able to form the per- 
chloride, even from chlorine slowly passed through muriate 
of lime, without producing a small quantity of liquid hydrate 
of perchloride, which, when the solid perchloride was con- 
verted into liquid by more phosphorus, rose in vapour with it, 
and which, containing nearly a double quantity of chlorine, 
(for the water forms a very small part of it^ occasions the 
precipatation of a much larger quantity of horn silver than the 
pure chloride formed from corrosive sublimate. 

These various experiments on the combination of phos- 
phorus with oxygen and chlorine, sufficiently agree with each 
other to afford the means of determining the proportion in 
which phosphorus combines with other bodies, or its equiva- 
lent number considered as an element. 

If the absorption of oxygen be mnsidered as offering the 
data, and phosphoric acid be supposed to consist of two pro- 
portions of oxygen, and one of phosphorus, the number 
representing the proportion in which phosphorus combines, 
••Will be 33.3. If phosphoric acid be considered as consisting 
of four proportions of oxygen, the proportional number or 
equivalent of phosphorus will be 4,4,.6. 

If the absorption of chlorine in forming phosphorane be 
made the datum, the number will be the same, ss.s, or the 
•double If the quantity of horn silver formed froip the 

liquid chloride, taking the mean of all the experiments, be 
Wssi^ed as the datum, the number would be 33.5, of the 
1^^ of all these jffopoftions is the 

;:4d«f^fi:4si»fe|fot/.^king;:aWay deci^^ 

!r ^ of the 
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different combinations of phosphoric acid, for the purpose of 
ascertaining if they correspond with this number, I found 
the data so uncertain and so discordant, that it w'as impossi- 
ble ro form any conclusions from them. The phosphate of 
soda, as is well known, has alkaline properties ; yet, accord- 
ing to M. Berzelius, it contains but 17.67 of soda to so.33 
of acid ; whereas it ought to contain, according to the propor- 
tion indicated by my experiments (if neutral) nearly an 
equal weight of soda. M. Berzelius mentions several com- 
binations of baryta and lime with phosphoric acid, of which 
only tw'o approach to a correspondence with the number I 
have given for phosphorus; that containing 4,5.5 of acid 
to 48.7 of lime ; and that containing 39.1 of acid to 60.S of 
barytes. New researches are required to explain the ano- 
malies presented by the phosphates. 

I shall give three experiments on the quantity of hydrate 
of potassa necessary for saturating given quantities of phos- 
phoric acid made from given weights of phosphorus. 

18 grains of phosphorus^ converted into phosphoric acid by 
combustion in oxygOT, required for its saturation 4,7 grains 
of dry hydrate of potassa. 

5-7 grains of phosphorus converted into acid, required 14.7 
of hydrate of potassa. 

5 grains of phosphor us converted into perchloride, demand- 
ed, to produce perfect neutralization, 68 grams of hydrate of 
potassa. . 

These three experiments agree so well with each other, 
and with the prbpoitibriate number gained from the absor ption 
of chlorine and oxygen by phosphorus, that it is impossible 
nbt;tQ:::put.€!onfidencerin.them.,\. 
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If 13.1 be considered as the quantity of hydrate of potassa 
required to neutralize the phosphoric acid formed in the last 
experiment, and the of hydrate remaining, be supposed 
to contain 43 grains of potassa, then the chlorine required to 
expel the oxygen from the potassa would be rather more 
than 40 cubical inches. ' 

We owe to the ingenuity of M. Dulong the discovery of an 
acid, which he names the hypophosphorous acid, and which he 
supposes to contain half the quantity of oxygen in the phos- 
phorous acid. I have satisfied myself as to the correctness of 
his views respecting the existence of this acid, and the pro- 
perties of its compounds ; but I cannot regard the method he 
has adopted for its analysis as entitled to confidence. He takes 
a given quantity of hypophosphite of soda, acts upon this by 
chlorine, converts the excess of chlorine into muriatic acid, 
precipitates fay nitrate of silver and earthy salts, and from the 
comparison of all these data, in w'hich some substances of 
uncertain composition may be concerned, draws his con- 
clusions. 

I have fo und that the neutral hypophosphite of barytes, 
when acted on by heat in close vessels, is converted into acid 
phosphate of barytes, disengaging an elastic fluid, which is 
almost entirely the hydrophosphoric gas, or phosphuretted 
hydrogen saturated with phosphorus. I say almost entirely, 
because in the beginning of the process, a little gaa sponta- 
neously inflammable is produced, and a minute quantity of 

when the heat is raised to rednessi a 
yj^l^fle^hosphorus is produ^^ frb«i the deeom^ 

- gas . ' ;Now ‘supposing the 

.guahti^y knornif. 



oj the combinations oj phosphorus, 331 

and the quantity of phosphorus in phospliuretted hydrogen 
knotvn ; it is very easy, from an accurate experiment on the 
decomposition of the hypophosphite of baryta, to learn the 
composition of hypophosphorous acid. 

I made two experiments on this subject ; in one, 50 grains 
of dry hypophosphite of barytes were used, and the distilla- 
tion conducted in a small glass tube. About 23.S5 cubical 
inches of gas were produced. The loss of weight of the 
apparatus could not be ascertained, as unluckily a little of the 
phosphate was lost ; a small portion of phosphorus was de- 
posited in the upper part of the tube, from the decomposition 
of a minute quantity of the bi-phosphuretted gas ; but this 
could not have equalled the of a grain, as the tube only 
lost ^ by being heated to whiteness. 

In the second experiment, 39 grains of the hypophosphite 
were used, and the loss of weight only ascertained, which 
was 3.5 grains. To be able to form any opinion as to the 
composition of the hypophosphorous acid, it was necessary 
to ascertain the composition of the phosphate of baryta pro- 
duced in the^ experipaents ; which was easily done by 
precipitating a given quantity of the hypophosphite of 
barytes by sulphate of soda in solution. 35 grains of hypo- 
phosphite of barytes, in an experiment very carefully made, 
afibrded 11.3 of sulphate of barytes. Now, supposing this 
sulphate of barytes to contain 7.4 of baryta, the hypophosphite 
would conast of 7.4 of baryta, and 7.6 of hypophosphorous 
acid; and 13.1 of the a;cid phosphate of baryta, formed from 
its decomposition, would cqntein 5.7 phosphoric acid, and 7.4 
]^yta. And in the exper^mt. in winch 39 grains of hypb- 
pho^Mte of baryta were decomposed, supposing the yitbple 

MDCOCXVIII. Xx 
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loss of weight to be owing to perphosphuretted hydrogen 
given off, and this gas to be composed of 22.5 of phosphorus 
to 4 of hydrogen, or of 5.29 hydrogen to 29.76 phosphorus, 
and the 25.5 of acid phosphate remaining composed of 14.47 
baryta nearly, and 11.03 phosphoric acid, adding the 29.76 of 
phosphorus to the 4.72 in the phosphoric acid, and subtracting 
39, the quantity of oxygen required to form water with the 
5.24 of hydrogen, the hypophosphorous acid maybe conceived 
to be composed of 7.69 phosphorus, and 2.54, which denotes 
rather less than half the oxygen in phosphorous acid : i. e. 
as 7.43 to 1.5, an approximation nearer than could have been 
expected. 

Assuming the composition of the phosphuretted gas to be 
what is stated in the preceding page, which agrees very 
nearly with an experiment which I formerly made, the first 
experiment on the quantity of gas disengaged would give a 
proportion of oxygen rather less than that which has been 
just calculated upon; but it must be remembered, that a certiain 
quantity of common phosphuretted hydrogen is produced, 
which containing less hydrogen in a given volume, would 
sufficiently explain the difference of result. 

M, DuloNg has advanced an ingenious opinion, that the 


hypqphosphorous acid may be considered as a triple compound 
ofhydnogett, oxygen, and phosphqru& There is another view 
which maybe taken nHts composifibn, namely, that it may be a 
cnmpnundof phosphoric acid and perphosphuretted ^h^ 

hydrogen, as may be deduced from some ex- 

. ■ neutral hypb^bsphites, 
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valent, or proportional numbers, which represent phosphoric 
add and phosphuretted hydrogen. If it be adopted, the hypo- 
phosphites must be considered as triple compounds, analogous 
to the salts containing fixed alkali and earths, or ammonia 
and earths combined with acids. 

M. Dulong imagines that the acid formed by the slow 
combustion of phosphorus in the air, and which I have 
supposed to be a mixture of phosphorus and phosphoric acids, 
is a peculiar acid, a chemical compound of phosphorous and 
phosphoric adds, which he names phosphatic acid. I cannot 
say that his arguments give much probability to this opinion. 
This substance has no crystalline form, no marked character 
which distinguishes it from a mere mixture of phosphorous 
and phosphoric acids ; and as far as my expdHments have 
gone, it is far from uniform in its composition; and phosphorous 
and phosphoric acids mixed together, produce a substance of 
exactly the same kind. 

That a mixture of phosphorous and phosphoric acids should 
be produced by the slow combustion of phosphorus, is not 
surprising, when it is considered that this phenomenon is 
ccamected with different chemical processes, viz. the action of 
the vapour of phosphorus upon air, the action of solid phos- 
phorus upon the elastic atmosphere, and upon the air dissolved 
in the moisture attracted by the acids formed ; and, unless 
vapour be present in the air, the process of the slow conver- 
sion of phosphorus into acids soon stops. 

I have mentioned in the paper to which I have referred, in 
the beginning of this communicatioh, that the hydrophospho- 
irpus^acid is decompose by heat ; and that phosphoric acid, 
and pi^phosphuretted hydrogen are the results. 
mining die nature of the phosphoric acid formed, I find that 



334 ! 


Sir H. Davy's new experiments on some 


it contains water, so that it is a hydrated phosphoric acid. In 
carefully conducting the experiment, I find likewise, that a 
small proportion of water is given off with the perphosphu- 
retted gas. I shall give the results of an experiment; 17.5 
grains of hydrophosphorous acid were decomposed by heat in 
a small glass retort carefully weighed ; 6.5 cubical inches of 
elastic fluid were generated, and the loss of the retort was 4 
grmns. Now, if it be assumed that the hydrate of phosphoric 
add * remaining equalled 13.5 grains, and that it contained, 
according to the law of definite proportions, 1.88 of water, 
and that the bi-phosphuretted gas weighed 1.937, and con- 
sisted of 1.6446 phosphorus, and -2934 hydrogen ; then the 
oxygen in the phosphorous acid will be to the phosphorus as 
44 to 66, whifSh is as near a result as can be expected. 

For 4 proportions of phosphorous . 

acid are - - 300 or the double 150 

and 10 of water > -170; or 85 

which together amount to - 470 or 335 

which form 3 proportions of phosphoric acid 315 or 157.5 
with 3 of water to form the hydrate - 51 or 35.5 


4 of water decomposed, of which the hydro- 
gen is 8, to form with ^ of phosphorus 
phpsphuretted hydrogen - - 53 or 36.5 

,.:,g,di;^ater;gven;offv or '3^.^, 
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1 have no doubt that the acid which I used formerly was 
drier than the acid employed in this experiment, which will 
account for the difference of the result. Supposing a hydro- 
phosphorous acid could be procured, containing only the 
quantity of water sufficient to convert it into dry phosphoric 
acid, it would consist, as I have stated in my former paper 
on phosphorus, of four proportions of water, and four pro- 
portions of phosphorous add. 

I have adopted throughout the whole of these calculations, 
the supposition that the hydrogen in water is to the oxygen 
as s to 15; and consequently I have taken the number 
representing oxygen as 15, which is extremely convenient, 
as the multiples are simple, 30, 45, 60, &c. Taking the 
proportion of phosphoric acid in phosphate of potassa, which 
ma}' be deduced from the experiments, page 339, it appears 
more convenient to represent the proportional number, or 
equivalent of phosphorus, by 45, or 45.3, than by 32.5, or 
32.6, which gives facility in adopting either hypothesis of the 
composition of hypophosphorous add. If it be supposed a 
simple compound of oxygen and phosphorus;, the series of 
proportions in the acids of phosphorus will he . 

Hypophosphorous acid. Phosphorus 45 Oxygen J 5 

Phosphorous add - 45 Oxygen 30 

Phosphoric acid " ” 45 Oxygen <So 

or hypophosphorous! Phosphoric acid s proportions 8I0 
add 263 - / Phosphuretted hydrogen 1 prop. 53 

I shall conclude this paper by a few inddcsital observations 
on the compounds of phosphorus. 

14. DUI.OKO states fhat no phoi^horous add is formed ^en 
phosphorus h burnt in of oxygen or a.tinosph^c, luf ; 
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as, he saysj I have asserted. I cannot find that I have any- 
where made such an assertion; but notwithstanding what 
M. Dulong pretends, the assertion is true, as the follow- 
ing experiment will prove. Half a grain of phosphorus was 
set fire to in a retort containing i6 cubical inches of common 
air ; the acid products were washed with distilled water, and 
passed through a filter, and evaporated. When the acid 
became nekrly dry, small globules of phosphuretted hydrogen 
were disengaged from it, indicating the presence of phos- 
phorous acid. The experiment was repeated two or three 
times, care being taken to separate the red powder which 
has been, considered as an oxide of phosphorus, and always 
with the sape result. 


Whenever phosphorus is inflamed, and suffered to become 
extinguished in oxygen gas in excess, unless the product is 
strongly heated after the spontaneous combustion is over, an 
which the hydrate^ produces phosphuretted hydrogen 
by heat, is always found in the products; and this acid is 
probably produced by the action of the solid phosphorus on 
the phosphoric add in contact with it. This fact, and the 
circumstance, that much phosphorus acid is produced by the 
combustion of phosphorus in tare air, renders it almost cer- 
ta^n that the phcisphprous. .add is, a direct combination pf 

destroys an idea which might 
ptbei^ise fo^^ from the phenomena of the decompo- 

a compound of three 
' .pf : phpiSf^^ . and' one ,of phosphuretted 
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by distillation. In experiments made in the laboratory of 
the Royal Institution, in which it has been twice carefully 
distilled at a low heat, it has still contained minute quantities 
of phosphorus. 

It has been supposed that dry phosphoric acid is fixed at a 
white heat ; but I find that this is not the case : it rapidly 
rises in vapour at this temperature, and evaporates even at 
the point of fusion of flint glass : and the hydrate of phos- 
phoric acid is susceptible of being volatilized at a much lower 
temperature. 

In converting the solid sublimate composed of phosphorus 
and chlorine into the liquid compound, when the phosphorus 
is first fused in contact with the sublimate, a yellow crystal- 
line mass is formed, which j when acted on by a higher 
degree of heat, aflfords the liquid chloride, which rises from it 
in vapour, and leaves phosphorus behind. It is possible that 
this yellow solid is a compound of phosphorus and chlorine, 
containing half as much chlorine as the liquid. Should this be 
proved to be the case by future experiments, it will give 
weight to the idea, that the hypophosphorous acid is a binary 
compound of oxygen and phosphorus. 
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XVIII. New experimental researches on some of the leading doc~ 
trines of caloric; particularly on the relation between the 
elasticity, temperature, and latent heat of different vapours ; 
and on thermometric admeasurement and capacity. By Andrew 
Ure, M. D. Communicated by W. H. Wollaston, M. D. F. R. S. 

Read April 30, 1818. 

Glasgow , July 1817, 

1 . On the elastic force of vapours, with new formula to determine 
it at any temperature ; and a review of those given by Dalton 
and Biot. 

The phenomena attending the conversion of liquids into 
elastic fluids, were first accurately investigated by Dr. Black. 
He observed in the rising of vapour, and melting of ice, a 
beautiful system of relations, connecting and modifying the 
grandest operations of nature, while they were destined to 
aifi>rd new principles for the advancement of the arts. If it 
be the prerogative and characteristic of genius, to discover in 
the most familiar, or, as some would say, vulgar phenomena, 
that mystic chain of causation, wliich had eluded all other 
eyes, unquestionably, the doctrines of latent heat entitle their 
author to rank in the first class of philosophers. 

Dr. Black directed his attention principally to the establish- 
ment of the g^eral laws, which he placed on an immoveable 
bfi^s ; leaving to his pupils, the subordinate task of investi- 
individual apphcatmns; Hence, the elastic forces 
Afferent bodies^’ at" dilferent 
little, if at all.. 
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This subject was examined, however, with great ability, by 
two of his most distinguished friends. Professor Robisoit and 
Mr. Watt. The investigations of the former were published 
in the Encyclopgedia Britannica, article steam ; while we have 
still to regret our ignorance of those executed by the latter 
philosopher, with probably a more complete apparatus, and 
more extensive views. We are indebted to him, indeed, for 
some curious observation on the latent heat of steam, at 
dilFerent temperatures, which make iis lament more, the want 
of those on the elastic forces themselves. 

Mr. Dalton, whose peculiar speculations on caloric and 
meteorology led him to study the formation and variable 
elasticity of vapour with great attention, has since then 
favoured the world with many excellent dissertations, and is 
now reckoned the first authority on the subject, Mr. Dalton’s 
experiments on the steam of water were carried no higher 
than its ordinary boiling point ; but from the observed pro- 
gression of its elastic force he investigated a formula, and 
calculated from it a .table for the higher temperatures.* 

In the second number of the Journal Polytechniqucy M. 
Betancourt, an eminent Spanish engineer, l<aig resident at 
Paris, pubBshed a set of experiments on the same subject, the 
results of which differ from those of Mr. Dalton in many 
particulars, but most remarkably in the higher part of the 
scale. 

Having had my mind often called to this important inquiry 
in the course of my public lectures cm the appBcations of 
Sclaice to the Arts, an apparatus of a very simple nature 
ocGUii^d to me, about two years ago, by which I hoped to fee 

♦ Maach^ter Memoirs^ roU v, p* 56^. 
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able to determine, with great precision, the elastic forces of 
vapours at any temperature, from zero of Fahrenheit, to a 
much higher degree of heat than even Betancourt seems 
to have reached. The experiments were 'made soon after 
that time, but circumstances have till now prevented me from 
arranging them for publication. 

With Betancourt’s apparatus I am not acquainted, 
having seen only the brief table of results, inserted in our 
systematical works on chemistry. Professor Robison’s con- 
sisted of a strong boiler or digester, containing the water, 
and furnished with three small apertures ; the first receiving 
the bulb of a thermometer, the second covered with a safety 
valve, and the third having a barometer tube attached. At 
first I used a similar construction, but finding it hazardous, 
and somewhat unmanageable in the high heats, and difficult 
to render air tight in the lower temperatures, I abandoned it, 
after some unsatisfactory trials. At the low degrees of heat, 
the vacant part of the barometer tube introduces errors, since 
it has not the temperature of the boiler ; - and the bulb of the 
barometer, used in high heats, occasions a similar fallacy in 
the determination of the true elastidties. 

Still, however, it was ingeniously conceived, and the results 
furnish good approaamations, creditable to the celebrated 
experimenter.* They agree nearly with those of Betan- 
court, being obtained probably in a similar way. The method 
adopted by Mr. Dalton, is recommended by an elegant 
It is merely a common barometer, into which a 

introduced, so is to 
> ' The vspour which is 

Edition, 
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generated, depresses more or less the barometric column. 
Hence, by subjecting the liquid to successive degrees of tem- 
perature, the corresponding depressions of the barometer, or 
elasticities of the vapour, are obtained. 

The only difficulty in this mode of operating, is to bring a 
considerable length of vertical tube to an uniform temperature, 
Mr. Dalton, well aware of this source of error, obviated 
it in a great measure, by taking a series of different tubes, 
decreasing in their lengths with the increasing expansions of 
the vapour, and concomitant descent of the mercurial column. 
In several experiments conducted on this plan, I found it 
scarcely possible to obtain results rigidly corresponding with 
each other, when the column of vapour, exposed in the 
barometer tube to the influence of surrounffing heat, exceeded 
two inches in length. 

M. Biot, in his system of physics recently published, while 
he adopts Mr. Dalton's results as the basis of his reasoning, 
treats fully of this difficulty, and suggests an ingenious means 
of avoiding it. “ We have had occasion several times to 
« remark,” says he," that the temperature of a mass of liquid 
« which cools in the air, is not entirely the same at the bottom, 
*« as it is at the top of the vessel ; because the colder particles 
" subside into the lower strata, by the excess of their weight. 
** Thus the temperature of the column of hot water, which 
« surrounds the tube in the preceffing experiment, cannot 
" be rigorously uniform throughout its whole height. W e 
may endeavour to render it equal, by a^tating and mingling 
the di&rent strata of whidi it is oimposed ; but this wotdd 
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“ be attended with no little difficulty. It would be better to 
“ have several thermometers suspended at different heights, 
“ in the body of the water, and to take the arithmetical mean 
of their indications. Or otherwise, which would probably 
‘‘ be more exact, we might employ a thermometer having a 
“ cylindrical bulb, equal in length to the column of vapour. 
“ It would then be necessary that the column of water should 
rise sufficiently above this vapour to allow the thermo- 
“ meter bulb to be equally immersed, or we must make on 
“ its indications the small correction mentioned p. 53, in 
“ order to reduce the temperature of the cylinder of mercury, 
to the temperature of the reservoir. The employment of 
“ such a thermometer may appear at first sight sufficiently 
“ difficult, since it seems that the length of the cylindrical 
" reservoir must be very considerable, if the elastic force of 
“ the vapour be great .* ” 

He then proceeds to show how this difficulty may be ob- 
viated (as indeed it had previously been by Mr. Dalton), by 
taking barometer tubes successively shortened, as the force 
of the steam is augmented by heat. He proposes to use four, 
between the freeang and boiling points of water, each being 
two decimeters, or nearly 8 inches long, and the thermometer 
bulb having also that length. The plan which I imagined, as 
it completely obviates the source of errors arising from the 
large and variable space occupied by the vairaurj supersedes 
the necessity of employing M. Biot’s singular remedy,: It 
avoids other complications, introduced by the heal* 
to^]:l^’i^|pquent elongation^of^ffi^^ 

' '■ ■’ ' tc- <ie Physique. 'Tome I. p. a68,, . ■ 
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attending all the other methods; and scarcely capable of 
being exactly appreciated at high temperatures with the 
apparatus of Professor Robison. 

The space over which the vapour extends in my instrument, 
need never be greater than half an inch of a barometer tube, 
against the side of which part the oblong bulb of a delicate 
thermometer rests, so as to indicate the true temperature* 
And though the liquid and incumbent vapour are thus always 
restricted to the summit of the barometer tube, we can, not- 
withstanding, measure its progressive range of elasticity, from 
zero of Fahrenheit to one hundred, or even two hundred, 
degrees above the boiling point of water, from an elasticity of 
0.07 of an inch, to that capable of sustainingi^ feet, or even 36 
of mercury. Fig. 1 (PI. XIX.) represents the construction 
employed for temperatures under and a little above the boil- 
ing point. Fig. 2 and 3 are used for higher temperatures ; 
the last is the more convenient of the two. Each was sus- 
pended from a lofty window ceiling, and placed in a truly 
vertical position by means of a plumb line. 

One simple principle pervades the whole train of experi- 
ments; which is, that the progressive increase of elastic force 
developed by heat from the liquid, incumbent on the mercury 
at / If is measured by the length of column which must be 
added over L, the primitive level below, in order to restore 
the quicksilver to its primitive level above, at /. These two 
stations, or pomts of departure, are nicely deimed by a ring 
of fine platina wire twfisted, firmly around the tube. 

At the comniencfiment of the experiment, after the liquid 
well fi^eed from air has befai let - up, the quicksilver is made 
,a tangent to the edgepf theiipper hy cautiously pouRng 
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mercury in a slender stream into the open leg of the syphon 
D. The level ring below is then carefully adjusted. 

From the mode of conducting my experiments, there 
remained always a quantity of liquid in contact with the 
vapour, a circumstance essential to accuracy in this research. 

Suppose the temperature of the water or the oil in A to be 
3®“ F., as denoted by a delicate thermometer, or by the 
liquefaction of ice ; communicate heat to the cylinder A, by 
means of two argand flames, playing gently on its shoulder 
at each side. When the thermometer indicates 42*, modify 
the flames or remove them, so as to maintain an uniform 
temperature for a few minutes. A film or line of light will 
now be perceived between the mercury and the ring at I, as 
is seen under the vernier of a mountain barometer when it is 
raised a few feet off the ground. Were the tube at I and L 
of equal area, or were the relation of the areas experimentally 
determined, then the rise of the quicksilver above L would 
be one half, or a known subraultiple of the total depression, 
equivalent to the additional elasticity of the vapour at 42“ 
above that at 32*. Since the depressions, however, for 30 or 
40 degrees in this part of the scale are exceedingly small, 
cme half of the quantity can scarcely be ascertained with 
suitable precision, even after taking, the above precautions. 
And besides, the other sources of error, or at least embarrass- 
ment, from the inequafities of the tube, and from the lengthen^- 
ing space occupied by the vapour, as the temperature ascends, 
rmder this method of reduction very ineligible. 

plan we avoid all these evils. For whatever 
ai^Wpma|^a^ to the vapour above /, 

by the 
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mercurial column which we must add over L, in order to 
overcome it, and restore the quicksilver under I to its zero or 
initial level, when the platina ring becomes once more a tan- 
gent to the mercury.* 

At E a piece of cork is fixed, between the parallel legs of 
the syphon, to sustain it, and to serve as a point by which 
the whole is steadily suspended. 

For temperatures above the boiling point, the part of the 
syphon under E is evidently superfluous, merely containing 
in its two legs a useless weight of equipoised mercury. 
Accordingly for high heats, the apparatus fig, s, or g, is 
employed, and the same method of procedure is adopted. 
The aperture at O, fig. 3, admits the bulb of the thermo- 
meter, which rests as usual on V*. The recurved part of the 
tube is filled with mercury, and then a little liquid is passed 
through it to the sealed end. Heat is now applied by an 
argand flame to the bottom of C, which is filled with oil or 
water, and the temperature is kept steadily at sia® for some 
minutes. Then a few drops of quicksilver may require to be 
added to D*' till L" and i* be in the same horizontal plane. 
The farther conduct of the experiment diflIers in no respect, 
from what has been already described. The liquid in C is 
progressively heated, and at each stage mercury is progres- 
sively added over L" to restore the initial level, or volume 
at ¥*, by equipoising the progressive elasticity. The column 
above 11* being measured, represents the succession of elastic 
forces. When this column is wished to extend very high, 
the vertical tube requires to be placed for support in the 
groove of a long wobdeh prismi 

♦ KiBgsof other metals wiH not smt% fisr thmr^ansmxis being much gmtcr 
than that they become loose with the of temperutuie* 
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The height of the column in some of my experiments being 
nearly ije feet, it became necessary to employ a ladder to 
reach its top. I found it to be convenient in this case, after 
observing that the column of vapour had attained its primitive 
magnitude, to note down the temperature with the altitude of 
the column ; then immediately to pour in a measured quantity 
of mercury nearly equal to three vertical inches, and to wait 
till the slow progress of the heating again brought the vapour 
in equilibrio with this new pressure, which at first had pushed 
the mercury within the platina ring at I". When the lower 
surface of the mercury was again a tangent to this ring, the 
temperature and altitude were both instantly observed. 

This mode of conducting the process will account for the 
experimental temperatures being very often odd and fractional 
numbers. I present them to the public as they were recorded 
on the instant in that particular repetition of the experiment 
which I consider most entitled to confidence. To trim and 
fashion thq results into an orderly looking series, would have 
been an easy task ; but in my opinion this is a species of de- 
ception very injurious to the cause of science, and a deviation 
from the rigid truth of observation, which ought never to be 
made for any hypothesis. We shall afterwards have ample 
opportunities of exposing the fallacy of such premature geo- 
metrical refinements. 

The thermometers were constructed by Creighton-, with his 
well known nicety, and the divisions were read off with a 
li^s, so that pf a degree could be distinguished. Alfter 
the utmost pains in repeating the experiments 
during a ^ I found; thM the rnily 

dis^papcies, 'which crept' in. 
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between contiguous measures, was to adopt the astronomical 
plan of multiplying observations and deducing truth from the 
mean. It is essential to heat with extreme slowness and 
circumspection, the vessels. A, B, C. One repetition of the 
experiment occupies on an average 7 hours. 


Table I. 

The elastic force of the vapour of water in inches of mercury. 


Temp. 

Force, 

Temp. 

Force. 

Temp. 

Force. 

Temp. 

Force 


Force, 

Temp. 

Force, 

*4° 

0.170 

115® 

2.820 


21.100 

-^42® 

53.600 

270 

86.300 

*95.6 

X 30.400 

32 

0.200 

120 

3.300 

200 

23.600 

245 

56.340 

271,2 

88,000 

295 

129.000 

40 

0.250 

X 2 S 

3.830 

205 

25.900 

245.8 

57*100 

2737 

91.200 

297.1 

133,900 

SO 

o*s6o 

130 

4366 

210 

28.880 

248.5 

60.400 

275 

93.480 

298.8 

137.400 

55 

0.416 

135 

5.070 

212 

30.000 

250 

61.900 

* 7 S -7 

94.600 

300 

139.700 

60 

0.516 

140 

5.770 

2X6.6 

334 C 0 

251.6 

63.500 

277.9 

97,800 

300.6 

140.900 

6s 

0.630 

HS 

6.600 

220 

35-540 

254.5 

66.700 

279.5 

101.600 

302 

144.300 

70 

0.726 

150 

7.530 

221.6 

36.700 

255 

67.250 j 

280 

101.900 

1 3 ° 3-8 

147.700 

7 S 

0.860 

*55 

8.500 

225 

39.110I 

257-5 ! 

69.800 1 

2SI.8 

104.400 

i s®! 

150.560 

80 

X.OIO 

160 

9.000 

226.3 

40.100 

260 

72.300 

283.8 

107.700 

306,8 

154.400 

8s 

1. 170 

165 : 

10.800 

230 

43 -*oo 

260.4 

72.800 

285.2 

1X2.200 

i 308 

157.700 

90 

1.360 

170 1 

12.050 

230.51 

43.500 

' 262.8 

75.900 

287.2 

X 14,800 

1 3*® 


95 

1.640 

*75 i 

* 3-550 

234-5 ! 

46.800 

264.9 

77.900 

289 

118.200 

1 3**4 

164,800 

100 

1.860 

180 

15.160 

*35 

47.220 

265 

78.040 

290 

120.150 

312 ^ 

167,000 

105 

2.100 

i8s 

16.900 

238.5 

50,30a 

267 

81.900 

292.3 

123. xoo 

] Another expert. 

no 

2.456 

190 

19.000 

240 

51.7C0 

269 

84.900 

^94 ; 

126.700 

! 3 *a* 

165.5 


The apparatus employed in obtaining these results, has 
the peculiar advantage over all others, that the mercurial 
column is never heated. It is the concurrent opinion of all 
chemical philosophers, that caloric travels downwards in 
liquids with extreme slowness and difficult- hideed. Count 
Rumford’s experiments led him to infer that heat could not 
descend in fluids at all. 

It is evident that in pay constructions, figures 1, a, and 
S, only that small prtion of quicksilver, within the vessels 
MDcccxvni. 2 z 
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A, B, and C, will be affected by the heat, but the measuring 
column is beyond the reach of its influence. 

A surprising accordance will be perceived between my 
numbers, and those given by Mr. Dalton between 33“ and 
3is°, though mine were obtained with a different modification 
of apparatus. Above the boiling point, where the table of Mr. 
DALT9N is deduced from calculation, the accordance soon 
ceases. But as my apparatus and mode of using it were pre- 
cisely the same as in the former part of the range, my results, 
if entitled to confidence in the one case, must be so in the 
other. At 280“ Betancourt’s number and mine are not much 
different, the former being 105 inches, the latter 102. Being 
perfectly convinced, by repeating the experiments in different 
circumstances, that Mr. Dalton’s ratio of progression, though 
apparently accommodated to the intervals between 33" and 
SIS®, could not serve for the higher ranges,* I endeavoured 
to discover a simple rule of more general application. It is 
above ana®, indeed, that for the purposes of art, the knowledge 
of the force of steam is required. 

I first tried the differential method, so useful for determining 
the distant links of a concatenated series. , 

Without doing much violence to the above numbers, the 
forces corresponding to 100°, 110®, lao”, 130*, 140°, and 150°, 
may be written in ra series of which the 5th order of dif- 
ferences s= o. Then if d' d" d*" d'^ d'*, represent the first 
terms, in the first, second, third, fourth, and fifth order of 
dififerences, the term of the series is 

■’fc remarks oaDALTON’srat^^^^^ It is certain that 

law of the elaifldity wouW become nnifofihj and then 

ii. p. 398, 



on 'ome oj the hading doctrines of caloric ^ ^c. 


349 


a -{- n — I . d', «4- n. — 1 . 


d", 


n — a ^ I 


n — 2 n-~3 M— .4 


. d , *4“ &c» 


In the above series for steam, d*=. 0.65, d" ds 0.19, d"' = 
0.04, d" = 0.01, d'' = o . a = 1.9s. 

Example 1st. To determine the Slh term in the series, or 
the elastic force at 8 x 10, above 90°, (the first term 100® 
being included) or at 170®. 

Here n =: 8 


a -4“ n — * • d* = 1.9a 4" = ^-47 

4.08 



1 l.d"’ = 

3 


3 4 


1.40 

0-35 


12-30 

Observation gives 12.05, forming a good accordance. 
Example s. Required the 10th term, or » =10. For 190° F. 
a + . d' == 7.77 

-ZT. 6.84 


3.3S 

,.s6 

* 3 4 


I9.S3 

At 190® experiment makes it 19.00, still coinciding nea^l3^ 

By the same equation we find the aoth term or for 390*10 
be 124.38, while experiment gives 120.15, showing a differ- 
ence of 4.13 inches. At a Mgher point the error becomes 
greater. We here see that a geometrical series may coincide 
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apparently through a considerable range with experiment^ 
and yet be inaccurate when farther extended. 

Dissatisfied, therefore, with this approximation, I prosecuted 
the inquiry, and had the happiness to discover a very simple 
and beautiful ratio, which will actually apply through an 
extensive scale of temperature, and is incomparably easier in 
practice than the preceding rule. The elastic force at 212°= 
go inches being divided by 1.23, will give the force for 10® 
below; this quotient divided by 1.24,, will give that for 10® 
lower ; and so on progressively. To obtain the forces above 
212°, we have merely tp multiply 30 by the ratio, 1.23 for 
the force at 222° ; this product by 1.22 for that at 232°, and 
thus for each successive interval of 10® above the boiling 
point. 

Thus 30 X 1.23 = Fajj.. 30 X 123 X 1.23 =5 Fajj#, 
using F to denote the force at any temperature n, according 
to the notation of Laplace. 

By. departing from the point of 210® F., we shall obtain 
results equally accurate, but more convenient for comparison 
with the experimental table. The following numbers exhibit 
the correspondence of this ratio with actual observation. 
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Table II.. 

Observed elasticity of aqueous vapour compared with the ratios. 


Temp. 

CalcuL 

Force. 

Expert.; 

Temp. 

Calcul. 

Force. 

Expert. 

Daltox. 

Betanc, 

Robison. 

210^ 

28.9 

28.9 

210^ 

28.9 

28.9 

28.84 

28.8 

28.65 

200 

23.5 

23.6 

220 

35-54 

3 S- 5 + 

34-99 


35.80 

190 

19.0 

19.0 i 

230 

43-36 

43.10 

4 J -75 

45-5 

44.70 

iSo 

15.2 

15. j6 

240 

52.46 

51.70 

49.67 


54.90 

170 

12.07 

12.05 

250 

62.95 

61.90 

5S.21 


66.80 

160 

9.50 

9.60 

200 

74.91 

72.30 

67.73 

80.17 

80.30 

150 

7.42 

7.58 

270 

83.39 

86.30 

77-85 


94.10 

140 

S- 7 S 

5-77 

280 

103.41 

101.90 

88-75 

105.12 

105.90 

130 

4.42 

4.36 

290 

119.95 

120.15 

100.12 



120 

3 37 

3-33 

i 300 

^ 37-94 

139.70 

iii.Sl 



no 

2-55 


310 

.157-25 

161.30 

123 o 3 



100 

1.92 

X.86 

320 

177.70 


135.CO 



90 

1-43 ! 

1,36 



i: 

t 




80 

I. CO 1 

x.ox 



1 ; 

Temp. 

j Betaxc. 

Robison. 

70 

0.77 

0.726 





1 


60 

0.56 ■ 

0-516 




32* 

0.0 

1 0.0 

50 

0.40 

0.36 



i 

so 1 


0.12 

40 

0.28 

0.25 




80 

0.8 X 

0 82 

30 

0.20 

0.19 



i 

100 

•1.65 

1.60 

20 

0.14 

0.X4 




120 

2.95 

3,00 

10 

0.098 





140 

5.00 

5*15 

0 

0.068 





160 

9,00 

8.65 







180 

Z4.00 

14.05 



^ ! 




- 200 

22.50 

22.62 


The rule on which the preceding table is formed, may be 
expressed in a manner better fitted to give directly the elastic 
force corresponding to any given temperature moderately 
distant from 212°. It becomes also more accurate. 

Let r= the mean ratio between a 10* and the ^ven tem- 
perature; n the number of terras (each of ao°) distant 
from sio° ; F =3 the elastic force of steam in inches of 
mercury. 

Then; Log., of F ==‘log. 28.ff + k. Log. r; the positive 
sign being used above, the negative below aio". 
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Or by common arithmetic, multiply or divide 28.9, accord- 
ing as the temperature is above or below 210®, by the mean 
ratio, involved to a power denoted by the number of terms. 
The product or quotient is the tension required. - 

Example 1st. The temperature is 14,0°. What is the corres- 
ponding elasticity of the vapour from water heated to that 
point .>* 

140® is 7 terms of 10° each under 210°; 1.26 is the 

mean ratio = and, consequently, r = 1.26 ; w = 7. 

Log. 28.9 s= 1.4^090 
Log. i.sd X 7 = 0.10057 X 7 == — 0.70259 

0.75831, which is 

the logarithm of - - 5.732 inches. 

Experiment gives - - 5.77 , difference .04, 

inconsiderable. 

Example 2. What is the tension of steam at the tempera- 
ture of 290* ? 

«=8 

Log. 28.9 = 1.46090 

8. Log. r =: 8 X 0.07737 =: 4 " 0.61896 


Log. of 120,02 inches 2.07986 
At 299* by exjperiment = 120.15 

Example 3. Temperature 250®. Force of steam in contact 
with water ? 



*.43 + 1.30 


= 1.215 
Log. 2S.9 


n 





1.46090 


S!S!' ■ 4. O., 


At f5b®;E:x|>er|m^t 6i>9o 


1.79922 
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At these high heats, it is very possible that the experiment 
may be in error by 1 inch, which is the whole difference here. 
About half a degree of Fahrenheit misnoted, would give this 
deviation. 

Such a correspondence, therefore, of observation with the 
calculated results, shows that we have found a rule of perfect 
accuracy for all purposes of engineering. Sac. If I am asked 
whether this formula coincides at every link with the chain of 
nature, I freely acknowledge, that I do not imagine it strictly 
so to do. But still it affords approximations such, that within 
moderate limits, I cannot tell whether to place more confi- 
dence in them, or in those found by experiment. It has 
moreover the rare advantage of being extremely simple, and 
level to the capacity of all practical men. 

In Biot’s excellent work above quoted, where many of the 
hitherto vague disquisitions of physical science have been 
happily brought tvithin the pale of geometry, this celebrated 
philosopher has deduced, from Mr, Dalton’s experiments on 
the force of steam, a general formula for determining its 
elastidty at any temperature. 

In investigating this formula, he represents the decrease of 
the logarithms of the elastic forces by a series of terms of the 
form an -|- bn- -I- ah c being constant coefBciants. 

Thus, Log. F„ = Log. 30 ura bn^ -f- cn^ 

It is unnecessary to employ powers of n higher than the 
cube, because their coefficients would be insensible, as the 
calculation will show. To determine the coefficients abc,h.Q 
makes use of the elastic forces, observed at the temperatures 
on ithe centigrade scale of 50®, and 25® ; vvfaence 

result tliese conditions. 
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n=s 0 

F 

= 30.00 inches 

- 

n = 35 

F.S 

= 11.35 


n = 50 

Fso 

== 350 



F7S 

= 0.910 


Substituting these conditions in the above general formula, 
and bearing in mind that the logarithm of a fraction is equal 
to the logarithm of the numerator minus the logarithm of 
the denominator, we have the three following equations of 
conditions. 

— 0.4259687 = 35. iz + 625 b + 15625 c. 

— 0-9330519 = 50. 4" 2500 h 4. 1 25000 r. 

~ 1.5180799 = 75. 4 4- 5625 b 4- 4S1875 c. 

Doubling the first, and subtracting it from the second, a 
disappears ; trebling it, and subtracting it from the third, a 
also disappears. Then dividing each of the resulting equa- 
tions by the coefficient of b, we have 

— 0.00006489160 = 6 -f- 75 c. 

— 0*00006404635 = 6 4' 100 r. 

Subtracting the one of these from the other, b will disap- 
pear ; and dividing it by the coefficient of c, we shall have c. 
Next, by substituting the value of c in one of these equations, 
we get b. Lastly, putting 6 and c in one of the two first equa- 
tions, we have a. Thus we find 

a = — 6.01537419550 
6=2 — 0.00006742735 
'' V,'- / i? — '.'4“ 0.00000003381 

Whence Lpg. F» == Log, 30, 4- 4 - 

determined j and may ser^e for cal- 
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If we make, for example, n = 100, we shall have the elastic 
force at 100 degrees below the boiling point, or at the tem^ 
perature of melting ice. We thus obtain 

Log. F« = 1.4771213 — 2.1778831 = — 0.7007618. 

Or employing negative indices in order to make use of the 
ordinary logarithmic tables. 

Log. F„ = T. 2553382, whence 

F„ = o. 15517 inches; and observation 
gives us o. 200. 

The error is obviously insensible ; and we may adopt, says 
M. Biot, our formula as representing the experiments of 
Mr. Dalton. To introduce the Fahrenheit degrees into 
the formula, calling them /, and counting from 212% we have 
^f s= n ; and substituting this value of n in the preceding 
formula, we obtain 

a =■ — o. 00854121572 
6 == — o. oooosoSiogi 
c == -h o. 00000000580, 

whence Log. = 1.4771213 4- 4. 4. cf\ f being 

the numberof degrees of Fahrenheit, reckoning them from 
212®, positive below and negative above this point of de- 
parture. 

By the above formula, thus elaborately investigated by 
M. Biot, I have computed the elastic forces of steam at the 
three successive temperatures of 232“, z6a° and 312°, or so°, 
50® and 100°, above the boiling point of Fahrenheit's scale. 

In the first case we have/ = — 20 and 4 4- 

20 4 400 b — Sboo f ; f is negative, being above the point 
of departure 212“, and, consequently, the products uf and 
are p^ifive, while bf‘ becomes negative. 

MDCCCXVIII. 3 A 
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so (2 = 0.170834 

400 b = — 0.008334 
8000 r ==; + 0.000046 

0.163546 + log. 30 or 1.477131 


1.477131 

Log, of 43.63 =s 1.639667 

By Biot’s formula therefore at 333 F. 43,630 

My experiments _ _ , 44.700 

Mr. Dalton’s table - - _ - 43.35 

Betancourt _ _ _ 47.S0 

By M. Pouillet’s table at the end of Biot’s 1st vol. 

computed from the above formula - 43>50o 


The difference between Biot and my experiments here is 
only 1.10 inches. 

sd Example. Temperature 363° Fahr./ = 50 
50 a = 0.4370609 

3500 6 =a — 0,0530373 ^ 

135000 c =s -J" 0.0007350 

0 ^ 7576^7 
Log. go s= 1.4771313 

Log. of Fjg,,:=a 1.8538800 Fjg^*=== 71.365 

Experiment 74.600 

Dalton’s table 69.700 

^ ■ .Pouillet’s table 70.800 

..Betancourt 83.500 

forfiiuk . and:'’:expenmeht 
ieamoimts t6:3.'335 inches, ; 
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At 266® Fahr. which corresponds to 130° centigrade, I 
make it from Biot’s first formula 77.053, while at 130® by 
M. PouiLLET, it is 75.68 difference 1.973. Finally, 

At the temperature of 312”, f = ioo 
100 a = 0.854121972 

10.000 6 = — 0.208109100 
1000000 c =s 4* 0.005800000 

0.651812872 

1.477121300 

Log. of F^ = 2.128934172 F^ = F^^ = 134 57 

Experiment gives 167.00 
Mr. Dalton’s table 125.85 

The difference between experiment, and both calculations, 
is now excessive, and even between the two latter it amounts 
to nearly 9 inches. 

From this ample investigation, we may legitimately con- 
clude, that we ought to receive such geometrical representa- 
tions with great caution. M. Biot, indeed, with a candour 
becoming his genius, admits these formuhe to be merely 
tentative approximations. The high reputation of this 
philosopher, and the geometrical skill here displayed, might 
have led the scientific world to repose confidence in his for- 
mula, within the limits of ssk degrees centigrade ==: 100 
Fahr. It was therefore entitled to a deliberate examination. 

It is curious to observe that my very simple formula. 
Log. F =s Log. 28.9 + n. Log. r, gives good approximations. 


* eentigr. gives by M. P* force of V2^p0ur 1907,07 tniHetnetres^ of which 

taking ^5*4 to the English inch, wc have 35 above* 

25.4 
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through a much more extensive range, than the elaborate 
formula of the distinguished French geometer. Even when 
carried so high as the 310th degree of Fahr., we have 

Log. 28.9 -i-K. log. r = 2.19810 = L, F^^^; hence 

^loo 157 “8 

Experiment gives idi.3, a difference of only 3|- inches 
at this prodigious elasticity; which may be deemed altogether 
unimportant in practice. 

Biot's formula gives a result 31 inches, and Mr. Dalton's 
4jO in defect. 

Of Professor Robison's higher numbers, it is merely 
necessary to examine the successive differences for every lo” 
above 212“. These are 7.2, 8.9, 10.2, 11.9, 13.5, 13.8, 11.8, 
and the second differences are -J- i. 7 '+' 3.-3 + ^-7 1.6 

+ 0-3 ~ 3.0. 

Such striking irregularities cannot exist in the progression 
of rtature. Betancourt’s are liable to a similar censure. 
We may find indeed small discrepancies in the best observa- 
tions at such temperatures. 

§ II. Experiments to determine the elastic forces of the vapours of 
, ; alcohol i, ether f 0^ of turpentine ^ and petroleum ornaphtha. 

The determination of the elasticities of these vapours is a 
very iriterestihg problem in chemical philosophy. It may 
possibly unfold the law which connects temperature and 
efetic energy, and it may furnish likewise some Useful . 

r,' the .subject- with considerable 
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M}' experimcjits were performed with the apparatus above 
described, and were verified by frequent repetitions. The 
following results w'ere noted down during the progress of 
the experiments. 

Table III. 

Elastic forces of the vapours of alcohol, ether, oil of turpentine, 
and petroleum or naphtha. 
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Remarks on the preceding table. 

The ether of the shops as prepared by the eminent London 
apothecaries, boils generally at ii3°; but when washed with 
water, or re-distilled, it boils at or 105°. It may by 
rectification, however, be made to boil at a still lower 
temperature. 

Concerning the boiling point of oil of turpentine, curious 
(may we say ridiculous) discrepancies exist in our systems 
of chemistry. Dr. Murray, for example, in the table of the 
scale of temperature at the end of the first volume of his 
valuable system, last edition, places the boiling point of oil of 
turpentine at 560®. Mr. Dalton, vol. 1. p. 39. of his new 
system of chemical philosophy, says “ several authors have it 
that oil of turpentine boils at 560°. I do not know how the 
mistake originated, but it boils below sia°, like the rest of the 
essential oils/’ I made with much care several experiments 
on this point, previous to ascertaining the force of its vapour, 
and found its boiling point to be about 316®. When recently 
distilled, however, it will boil at 305®. Did it boil below, or 
even at sis®, as Mr. Dalton asserts, theUt long before the 
included portion in the above experiments had reached the 
304th degree, it would have acquired such an elasticity as to 
support a high column of mercury, instead of being barely in 
with the atmospheric pressure. 

Plunge a phial half filled with fresh oil of turpentine into 
a njetal cup containing any fixed oil. Heat the cup gradually. 
It ^ili be fpund that, at the temperature of 316?, the oil 
; ibipiain||m ebulptiqn, as indicated by a thermometer 

the phial. Pidpr tp this, even at 
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3ia®, some small bubbles will be evolved, principally owing 
to the moisture dispersed in the pores of the oil, from the 
water originally mixed with the crude turpentine in its dis- 
tillation. If the heat be ver;/ rapidly thrown in, while the 
upper surface of the oil of turpentine has the area only of a 
one or two ounce phial, it is possible to heat it to 360° or 
in apparent contradiction to the theory of latent heat ; 
for when a liquid boils in an open vessel, according to Dr. 
Black, its temperature should remain stationary. The true 
cause of this phenomenon is developed towa«is the conclusion 
of this memoir. The specific caloric of the vapour of the 
volatile oil is so small, compared to that of water, that the 
heat may readily be quicker introduced than the boiling pro- 
cess can abstract it. Concerning the boiling point of this 
oil, I have since inquired of a manufacturer; and he states 
its boiling point at 320°. Essential oil of roseraar)', when 
kept for some time, boils at 370“; recent oil at 212®. To 
assign the cause of this difference, is foreign to our present 
object. 

The vapour of ether follows nearly the same rate of expan- 
sion as water, if we start from their respwtive boUing points. 
This was observed also in Mr. Dalton's experiments; and 
from this single analogy, chiefly, he laid down the general 
law, that the variation in the force of vapour from all liquids 
** is the same for the same variation of temperature, reckon- 
ing from vapour of any ^ven force.” 

My experiments on oil of turpentine and j«troIeum show 
the fallacy of this generalization, if we reckon the common 
thermometric scale a tolerably correct index of temperature ; 
but if, with Mr. Dalton, we consider our thermometric scale. 
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as very erroneous, then ether itself is an exception to its own 
law, to use this paradoxical, though just expression. In 
consequence of his peculiar thermometric ideas, Mr. Dalton 
has abrogated the above law, which he had himself framed ; 
though it is curious to observe, in some respectable treatises on 
chemistry, both hypotheses detailed, without indicating their 
mutual incompatibility. M. Biot, likewise, far from imagining 
that the law had been repealed for 8 or 9 years, proposes to 
judge by its provisions of the total elastic force of every 
vapour at 1 00° centigrade, to serve as the basis of the deter- 
mination of their respective specific gravities at that tem- 
perature.* 

My experiments show that from 105® to Fahren- 

heit, ether trebles the tension of its vapour, as water also 
does from 212° to ; both containing nearly, but by no 

means exactly, equal intervals of the Fahrenheit graduation. 
According to Mr. Dalton’s corrected scale of temperature, 
we have, 

212“ Fah. =s 212® Dalton. 105“ Fah. = 119® Dalton. 
S73 F. = 256.4 D. 167.5 F. =176 D. 

real interval =: 44.4 by Dalton. By Dalton 57 = the real 
interval of temperature. 

Thus we see, that while the interval for trebling the tension 
of ethereal vapour is 57°, that for aqueous vapour is only 
44®.4; quantities that are to each other nearly as ipo: 80. 
Hence^ accoriding to this emineht chemist, ether must take/or 

: ^ isd<;uW par li loixfei M, Da tr ow, quelle doif Strtt, pour chacun d’eu it, 

tempesatute do ioo^-degf&.” Trait6 de 
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trebling the force of its vapour a fifth part more heat than 
water does. 

I hope presently to be able to adduce satisfactory experi- 
mental evidence, that our thermometric indications are not 
at all so unequable as Mr. Dalton conceives. 

Meanwhile, in examining closely the table of the vapour 
of ether, a beautiful analogy with that of water presented 
itself. The series of ratios representing the progression of 
the latter being lowered a single step, will accurately fit the 
former. At 30 inches of elastidty 1.S3 was our initial num- 
ber for aqueous vapour ; for ethereal, it becomes 1.22 ; in- 
creasing or diminishing by unity each time in the second 
decimal figure, according as we descend or ascend by inter- 
vals of 10® of the Fahrenheit scale. 

The following is a general view of the results. 

Table IV. 

The observed tension of ethereal vapour compared with the ratios 
1.22, 1.23, 1.22, 1.21, 


Temp* 

f 

1 

• 

Expert 

gai 


Expert. 

104® 

94 

84 

64 

S 4 

44 

34 

*4.7 

20.2 
i6-5 
12.06 

10.3 

8.1 

^•35 

30.00 
24*70 

20.00 
16.^10 
13.00 
10.3 

8 u 

6*2 

105® 

ns 

125 

*55 

*45 

165 

*75 

*85 

*95 

SOS 

" 3^6 

44-3 

irt 

102.0 

** 7-3 

134.0 

lS *-5 

30.0 
35-9 
43*4 

|*-9 

62.1 

73-6 

804 

99.1 

110.1 

* 33-7 

151.3 


The numbers derived from calculation give a surprising, 
accordance with those observed in die lower range. . In llie 
MiMJCcxvnr. 3 B 
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upper range, the correspondence is as good as the delicacy 
of the experiments at such temperatures could permit us to 
expect. The experiments have been presented without modi- 
fication. I must own, that when first the above perfect coin- 
cidence appeared, it gave me no small pleasure, as it led me 
to suppose that I had discovered the hidden chain of nature. 

In treating of the vapour of alcohol, Mr. Dalton consi- 
ders it as irregular in the progress of its elastic force by heat, 
owing to its not being a homogeneous liquid. He suspects 
“ that the elastic force in this case is a mixture of aqueous 
and alcoholic vapour.” I cannot see the cogency of this 
argument ; for, if the separate bodies have a regular pro- 
gression, the mixture ought not surely to be anomalous, I 
believe, however, that if the experiments were made with 
due accuracy, alcohol would be found as methodical in the 
elastic march of its vapour as other bodies. The following 
table will afford satisfactory proofs of the justness of these 
views. For absolute alcoholj the progression is probably as 
simple as that of the preceding vapours. But for alcohol, 
sp. gr. 0.813, which though highly rectified, contains not a 
little water, we should expect it to result from a composition 
or modification of ratios. After some search on this principle,, 
1 accordingly Fotind it. Staftihg from the boiling point 174% 
or for the convenience of comparison with the table, from 
the decade 17b®, we move, not by a unit, as before, but by a 
unit and a tenth j or the initial ratio i.s6 is affected at each. 
Stepco? term of 10°,' vyith the number + 0.01 1, the signs being. 
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Table V. 

Elastic force of the vapour of alcohol compared with the ratios. 


i 3 SSI 


Observed.! 

Temp. 


BESIKS 

Calcuiat 

Observed. 

250® 

130.24 

132*3 

170® 

28.3 

28.3 1 

90® 

3*4* 

3.4. 


xn.13 

111.24 

160 

22.46 

22.6 

80 

2.52 

24s 

230 

93*94 

94.1 

150 

17.7 

18.0 

70 

1.85 

1.76 

220 

78.67 

78.5 

140 

13.8 

13.9 

60 

J* 3 S 

1.23 

ZIO 

65.29 

65.0 

130 

10.05 

10.6 

50 

0,97 

0.86 


53<S9 

53*0 

120 

8.16 

8.10 

40 

0.69 

0.56 

Pm 

43.76 

43*2 

110 

6.2 

6.00 

30 

0.49 

0.38 

1 180 

35*35 

34*73 

100 

4.67 

4 * 5 ° 





1.36 


22.4,6 28.3 X 1.26 — .on = 35*35 


2246 
1.27 V 


28.3 X 1.26 — .011 X 1.26 — .022 

17.7, &c. 


= 43.76 &c. 


The correspondence here exhibited between the observed 
and calculated elasticities is remarkable ; nor does the diflPer- 


ence ever exceed what would be produced by an error of 1* 
in the construction or reading oiF of the thermometer. This 
may fairly be deemed the limit of accuracy in such an 
experiment. 

Oil of turpentine is regulated by the constant ratio 1.12s, 
which (inverts any elastic force into that 10® above or below, 
multiplying as usual in the former, and dividing in the latter 
case. For petroleum the ratio is 1 ,14 ; it is also constant. 

The following table exhibits a comparative view of theory 
and experiment. 
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Table VL 


' '■ ■■■ ■ ' 

Oil of Turpentine. 

Petroleum. | 

Temp. 

Calculat. 

Observed. 

. 

Temp. 

Calculat. 

Observed. 

3 10® 
3*0 
33° 
34° 
350 
360 

37-7 

42.5 

47-7 

S3-S 

60.4 

33-5, 

37.06 

42.1 

47-3 

53-8 

60.8 

320° 

330 

340 

350 

360 

370 

36.2 

41.2 

47.0 
53«<5 

6 1.1 

31-7 

364 

41.6 
46.86 

53-3 

60.7 


The whole of the preceding research is closely interwoven 
with a question of the first importance in chemical philosophy; 
what are the relative portions of temperature denoted by the 
graduations of our thermometric scale? Mr. Dalton regards 
the progressive elasticities of aqueous and ethereal vapour as 
afibrding countenance, if not support, to his thermometric 
innovations. He affirms, that if our instrument for measur- 
ing heat were accommodated to his doctrine, the quan- 
tity of ex;^nsion of its mercury is as the square of the 
temperature from its freezing point; then “ the force of 
steam in contact with water increases accurately in geome- 
“ trical progression to equal increments of temperature, 
“ provided these increments are measured by a thermometer 
water or mercury, the scales of which are divided by 
" the above mentioned law."* 

Ware this position trUe, it would certainly bring a powerful 
analogy in aid of his theoretical views. We are now 
furnished with datato verify, or refute it. The following tables 
; co«:espond6aice between that principle aiid experi- 

tfie^ jiQtieous vapour, the column pre- 

; ’ ' ,, . ' V Sy$tei;D, vol. i. p.-U. 
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sents his geometrical progression of that vapour, co-ordinate 
with his equal intervals of real temperature contained in the 
second. In the third, are the corresponding points of the 
common scale, as given by Mr. Dalton. To these points the 
elastic forces, as determined by experiment, are placed oppo- 
site in the fourth column. 

Table second, for vapour of ether, is similarly arranged ; 
the first three columns being Mr. Dalton’s ; the fourth, the 
faithful transcript of observation. 

“ The force of the vapour of sulphuric ether,” says Mr. 
Dalton, “ in contact with liquid ether, is a geometrical pro- 
“ gression, having a less ratio than that of water.” “ Ether, 
" as manufactured in the large way, appears to be a very 
“ horaogemeous liquid. I have purchased it in London, Edin- 
“ burgh, Glasgow, and Manchester, at different times, of 
“ precisely the same quality in respect to its vapour.”* This 
shows that no exception can be made to my experiments on 
account of a supposed difference in the quality of the ether. 
From the mode of conducting my experiments, there remained 
always a quantity of liquid ether in contact with the vapour, 
a circumstance essential to accuracy in this research. The 
results were verified by frequent repetitions, and discover, in 
my opinion, the consistency of truth, 

♦ New System, vol, u pp, 20, 2 1, 
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Tables VII. and VIII, 

Dalton's theory of the thermometric scale, compared with the 
observed temperatures and tensions of vapours. 


Aqueous Vapour. 

Ethereal Vapour. 

Dalton’s 
geom. pro* 
gression of 
elasticity. 

Dalton’s 
newr scale of 
temperat. 

Fahren. 

Observed 

elasticity. 

Dalton’s 
progression 
of elasticity. 

Dalton’s 

scale. 

' 

Fahren. 

' 

Observed 

elasticity. 

2Z.7 inch, 
30.0 

395 

5 «,o 

69.0 

91.0 

120*0 1 

158. 

208. 

202® 

2x2 

222 

292 

242 

252 

262 

272 

282 

199* 

2X2 

225 

238.6 

252.6 
266.8 

281. 2 

296.2 

3IM 

23.1 in. 
30.0 

39 -” 

50.3 

64.5 

81.5 
103.5 

131-7 

16+.8 

6.1 

9.16 

1377 

20.65 

31*0' 

46.54 

69.88 

104.91 

157-5 

236,5 

32 ‘> 

72 

92 

1x2 

X32 

152 

172 . 
192 

2x2 

32^ 

46.6 

62.55 

79.84 

98.50 

118.50 

139-9 

162.4 

186.5 

212 

5.81 

8.67 

12.60 

18.40 

27.2 

56,8 

83-3 

118.3 

169.0 


The numbers of the first and fourth column ought evidently 
to agree, if the theory be just. Their differences, on the con- 
trary, are prodigiously great. At 27a“ of his scale, for 
example, equal to &g 6 °.z of ours, the law of progression 
makes the elastic force of aqueous vapour amount to 158 
inches : experiment gives 13 1.7 ; and I am confident, that the 
latter cannot be in error above an inch or two. Again at 
sfia", equivalent to 28i°.s Fahrenheit, his theory gives the 
force of the same vapour at iso inches ; by observation it is 
only" 103.5. Now at this part of the scale, my result is con- 
firmed by the concurrence of those obtained by Betancourt 
and i^oBisoNi I consider this demonstration complete. If 
vire c»>m|are:th6s^^^^ Mr. Dalton, with the 

by the aame philosopher,* we shall find 
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discordances which no ingenuity can harmonize. At that 
time, 225® of Fahr. = 223" of the new scale, gave a force of 
vapour equal to 38.3 ; it is now 39.5 . F. = 242° D. 

then coincided with an elasticity of 58.5 inches ; above, it is 
69. And finally, 28 j‘'.2 F. = 262® D. vrere opposite to 90 
inches ; they have become here 120. And yet no new ex- 
periments on the vapour of "water have been adduced, to 
justify such immense alterations. 

It may be said, indeed, that these changes arise merely 
from the substitution of one hypothesis for another ; but the 
deviations from experiment are even more remarkable, since 
as 382® new scale, correspond to 3ii°.5 Fahr., the difierence 
amounts to 43 inches, being more than one fourth of the total 
elastic force generated at that high temperature. 

When we turn our attention to ether, we find the discre-* 
pancies, if possible, less easy to reconcile. At the temperature 
of 212®, for example, where the old and new scales meet for 
the last time, the force of its vapour by the ' geometrical 
progression exceeds that found from experiment, by the 
enornaous quantity of 6 y inches and a half;, amounting to two 
fifths of the whole elastic force evolved. 

May we venture, then, to conclude, from these naultiplied 
comparisons, that the progressions of elastidty in vapours, 
taught by Mr. Dalton, are geometrical fictions, intended to 
quadrate with his notions concerning temperature ; but not 
consonant with the laws or pheuomena of nature ? 

Within a moderate compass, indeed, it is not difficult to 
suit the ratio of elastic force and the thermometric graduation 
td each other ; hut the prosecution of the enquiry into ranges 
more temote, detects the fallacy^of such hy|K>theticai adaplk- 
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tions. My experiments on the vapours of water, alcohol and 
ether, seem to show, that the ratio of tension decreases in a 
certain progression as the temperature augments. Were the 
ratios 1.23, i.aa, 1.21, &c., which are seen to apply so well to 
aqueous vapour for a considerable range above si 2°, to be 
adopted as representing the progressive march of nature, it 
would lead to the absurd conclusion, that at 34,0“ above the 
boiling point, or 453* F., the farther influx of caloric would 
occasion a diminution of elasticity in the steam. The truth 
however is, that at the 3isth degree, indications of a diver- 
gence begin to appear between the two lines of experiment 
and calculation, which had run for so long a space nearly 
parallel. The curve representing the expansive force of steam, 
I consider to be logarithmic, in which the ratios, as ordinates, 
continually diminish, without ever vanishing, or coming to an 
equality. The axis is an asymptote to the curve, as in the 
atmpspheiicsd logarithmic. 

Chapter II. 

On thermometric admeasurement, and the doctrine of capacity. 

before inquiring into the relative quantities of heat, con- 
tained in different vapours at the same tension, it will be 
proper to determine the primary and fundamental proposition 
cmiMrning the measure of temperature. It is singular, that 
not one experimental fact has been advanced, capable of 
/settling this question, amid the contending opinions of chemi- 
; c^ ljhfflosop^^ Mr. Dalton has, in particular, exerted all 

J^e of his gentua mtd sdence to destroy our confi- 

; scale’; ;ohr'sro!0; "guide 'in the vast 
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and intricate province of caloric. Whilf I hope to be able to 
fix this now indeterminate point, by a new train of investiga- 
tions, and consequently to prove the entire fallacy of his 
doctrine of temperature, the key-stone of Ws system of heat, 

I do not mean to affirm the absolute uniformity of expansion 
in bodies, by equal increments of that power. I think it 
indeed highly probable, that every species of matter, both 
solid and liquid, follows an increasing rate in its enlargement 
by caloric. Each portion that enters into a body must weaken 
the antagonist force, cohesion ; and must therefore render 
more efficacious the operation of the next portion that is 
introduced. Let 1000 represent the cohesive attraction at 
the commencement ; then, after receiving one increment of 
caloric, it will become 1000 — 1 = Sines the next 

unit of that divellent agent will have to combat only this 
diminished cohesive force, it will produce an effect greater 
than the first, in the proportion of loco to ggg ; and so on in 
continued progression. That the increasing ratio is, however, 
greatly less than Mr. Daltow maintains, may, I think, be 
clearly demonstrated. . 

According to,, his table of equal increments df temperature, 
vol. i. p- 14, New System, we have the following intervals, 
corresponding to the five successive intervals of on our 
scale. 

From 38® to isa®, to »ia*, to 362°, to to 48a®. 

Intervals by Fahr. of 90“, 30®, 90® , 90", 90®. 

True intervals by Dalton, ioB®.4 £ 5°-7 

The relative inequality of these intenrals is deduced from 
Mr. Daltos^s law, that aU pure Iwmog^^eous B^ds^ ai 
water and mercury, expand ifiom the point of their congela- 
MBCccxvin. 8 C 
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“ tion, or greatest density, a quantity always as the square 
“ of the temperature from that point.” He regards the law 
as resulting from the constitution of liquids, and therefore 
not applicable to solid bodies. This is indeed implied in its 
enunciation. In p. 43, after assigning reasons, he states, 
“ that for all practical purposes we may adopt the notion of 
“ the equable expansion of solids." 

Now l am prepared to prove, either, that the expansion of 
solids partakes of the above inequability of liquids, which 
nobody imagines, and for which no reason, even hypothetical, 
can be assigned ; or, which is the only alternative, that homo- 
geneous solids, and mercury, proceed almost exactly, pari 
passuy in their rates of expansion by heat. 

The experiments which justify this assertion were made 
by me about five years ago, and were then exhibited to many 
of my chemical friends, as also in my public lectures ; but a 
wish to render the series more complete, has induced me to 
withhold them from the public eye, till requisite leisure could 
be afforded for this purpose. They were performed with a 
pyrometer of peculiar construction, in an oblong trough filled 
with melting ice : a strong bar of Swedish iron was placed, 
from which projected at right angles, four inflexible iron 
arms, attachable by powerful screws to any part of the bar;, 
The arms nearest the extremities of the bar, carried each a 
fine micrometer microscope, made by that admirable artist 
Mr. TROiionroN. The other two arms were incuryated down- 
vs^db at their extremife which supported a metallic Or 
yms fikod by ty?d pinching screwf, at 

the.otifeer^^The' loose end 
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such as to allow their extremities, with the attached rod, to 
be plunged beneath the surface of oil or water, about an inch, 
contained in a copper trough. This was placed parallel to the 
large trough, and a few inches distant from it. 

The copper vessel was slowly and equably heated, by a 
series of argand lamps placed beneath. One micrometer 
watched a pcant projecting from the arm that held the fixed 
extremity of the rod. The oil was carefully agitated during 
the application of the heat ; and the bulbs of three therraome- 
tera, mutually comparable, were immersed into it at regular 
distances. The micrometers were sa*eened from the influence 
of the heat. They rendered the of an inch discernible, 

and even a smaller quantity, by an experienced eye. 

A rod of pure Swedish iron, or of such pure copper as 
jewdlers use for alloying gold, being adjusted to the appara- 
tus, the point on the micrometer scale, that appeared a tangent 
to the .small luminous aperture in the thin index plate of 
steel, was noted down, when the liquid in the trough was at 
32®. The value and truth of the micrometrical indications 
had been previously ascertained, by viewing through the 
microscopes a given surface or aperture, ihoved laterally, so 
as to make its image successively coincide with the diiSferent 
points of the interior notched scale. 

Sfeat being now applied, the progressive mardi of the 
index across the field of view of Ae micrometer microscope 
was closely obsorvsd, and its pbsitioh written down at intervals 
of 10® or so® of the Fabr. thermometer. But as tbe pyro- 
metdcal details wlU app^ ph a separate memoir on the ex- 
pan.<il&^s of bodies, I shalt stirte here nterdy ^ what concerns 
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If we denominate the absolute elongation of the heated 
metallic rod from 33° to is 3 ®,io, then its elongation from iss® 
to SIS® ; from sis® to 303® ; from 303® to 393° ; from 393® to 
483°, was in each successive interval of 90“ F, as nearly as pos- 
sible 10 also. The slight irregularities, incident to all delicate 
experimental investigations, being often in opposite directions, 
in different repetitions of the same experiment ; or those which 
manifested themselves in the ascending or elongating range, 
-were neutralized, so to speak, by others of an inverse nature, 
which appeared in the cooling retrocession. Here, the 
movements of the liquid mercury and of the solid rod by 
heat proceeded, through a very great extent of tem- 
perature. Let us now recollect that these 5 increments, 
which on our thermometer are equivalent to 5 x 90® = 450® ; 
and which altogether produce five times the elongation that 
the first interval occasions, constitute, on Mr. Dalton’s scale, 
only 350®. If we call the first interval giyen by this philoso- 
pher l ipo, then the four succeeding intervals contain a range 
of temperature on his scheme, of only two and a half time.s 
the first ; and therefore only two and a half times additional 
elongation should have been produced, instead of four times, 
as found by experiment. “ Since for all practical purposes 
uniform increments of bulk, or expansions oi solids by heat, 
coirespond to uniform increments of this power then each 
of our old successive intervals of 90® may, for all. practical 
piirpos^s, be held to correspond to equal increments of 


3s® to 48s® Fah^ are as 
iquan^y t .op, it .wifi .produce _ ■ on,- .a 
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metallic rod a corresponding effect in expansion = 1.00. The 
next interval of Mr. Dalton's scale (equal always to 90“ 
Fahr. ) can produce only ^ of the effect of the first, or as 75 
to 100. The third, fourth, and fifth intervals will give the 
fractional expansions in reference to the first, of and 

about or merely a half. 

No such diminution of effect was observed in the experi- 
ments ; from 39a® to 4,8a® F., the rod elongated as much as 
from 33° 133 ®, or double the quantity compatible with the 
Daltonian hypothesis. Thus therefore we have a rigid, and I 
think unanswerable demonstration of the general correctness 
of the common scale of temperature, and of the extreme 
inaccuracy and inapplicability of Mr. Dalton's geometrical 
substitute. Should the preceding statement leave any doubt 
or obscurity concerning the legitimacy of the inference now 
drawn, I trust it will be entirely removed, when the details 
of the experiments are published, with drawings of the 
apparatus, in my treatise on pyrometry 

Yet though the mercury in the thermometer tube move, 
pan with a metallic rod, deemed uniform in its expan- 
sion, it does not prove perfectly equal uniformity of expansion 
to belong to the mercury. It will seem, no doubt, a para- 
doxical assertion, that of two Ixidies marching tt^ether, hand 
in hand, one of them may have an equable pace, while that 
of the other is regularly, but very slowly accelerated. Yet 
I think the position just. It proceeds from a circumstance 
in the thermometer suflBeiently obvious, but which seems to 
have escaped our writers. I dp not rest the pro- 

ppriticm on any imp^ectmn of workman^’p, or supposed 
irregttlarity in the expansions of tlie glass . 



37 ^ 


Dr. Ure's new experimental researches 


Let us take a thermometer, the calibre of whose stem is 
perfectly uniform, and whose scale is exactly divided. Let 
it have a range from zero to the 656th degree, at which 
mercury boils, by the accurate experiments of Creighton. At 
32°, let the mercury stand at the bottom of the ivory scale, 
where of course the graduations Commence, The bare part 
of the instrument is consequently the plunging limit, in most 
chemical researches on the temperature of liquids. Immerse 
the bulb in common oil, or oil of vitriol heated to 212°; * 

part of the whole included mercury, will now ascend above 
that part of the stem plunged in the liquid. The part actually 
exposed to the heat, and by whose expansion the column on 
the scale is supported, is only f-y of the initial mass. Augment 
the heat of the oil till the instrument indicate 392® ; we know 
that there remains now, under the immediate influence of the 


heat, nearly of the original weight of mercury ; and finally, 
at 579% only about ■!§ I'^st in the immersed part of the stem 
and bulb. 

^ or ^ parts may be considered as no longer subjected 
to the power of caloric. If the thermometer stem were 
recurved near the bulb, the mercury in the stem placed hori- 
zontally would be cold ; and this proposition would be almost 
^actly true. 

. No»f j since; the; calibre and divisions are uniform, the 
capacity of tl» tube from the point marked 212% to that 
marked 392°;^^ ^a^ from this, to that opposite to 572°, 


In each equal rto its capacity from: 32° . to 21 s«. Hence 
; eqqal oa'imcities filled by the expansions of 
^tiflf svof mer^y''6a, ^ At; ;the 
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highest station, the column of quicksilver equal on the stem 
to 3 X 180°, is sustained by the expansion of 60 parts ; at the 
middle point, 2 x 180® is supported by that of 61 ; and at 
212® there are 62 parts of mercury to sustain 180° in the tube. 
Or, to put it in another form, these three successive spaces 
on the scale are equal ; the first portion of mercury is pro- 
truded into it by the expansion of 62 parts in the bulb ; the 
second portion by the expansion of ; and the third by that 
of 60. 

Therefore, if these three therniometric intervals of 180®, each 
of which holds an equal measure of mercury, contain also 
equal increments of temperature, as denoted by the equal 
increments of a metalhc rod ; then, these three equal effects 
are produced from the unequal quantities of mercury 6b, 61, 
60. This liquid, then, must have an increasing rate of expan- 
sion, the inverse of these numbers, for every 180® of the scale, 
or That is to say, 60 parts at 572° do the same 

work by the same power of caloric, as 61 at 392°, and 62 at 
212*. 

I believe this to be the real nature of mercurial expansion, 
and the true corufition of the thrairiometer; which Is aii 
equable measurer of heat, because the mercury possesses the 
above increasing rate of expansion. Were the mercury, on 
the contraiy, absolutely uniform in its augraentotions of 
volume by equal increments of heat, then for an ihstrumait 
whose bulb alcme in practice can be hmnersed, tiie three 
above ranges should Imve the correspondBrig parts of the 
scale shortened in the sudcesrive proporticais of 62 to 63; 
6 j to 63; and 60 to 63; qumiltles^ togietiier nearly 
equal to g®, or = 3 x ^ x 180 =a 
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Whatever reception these speculations may experience, 
they must not be confounded with the experiments •’ the 
expansions of metallic rods, and the corollaries, which have 
a distinct and independent existence. 

§ II. On the doctrines oj capacity^ as connected with the pre- 
ceding investigation. 

Dr. Crawforu and De Luc, tried to verify the justness of 
the thermometric indications, by mixing together v'ater at 
aia® and 3a®; when the former found laa®, and the latter 
119®, to be the resulting temperature. De Luc’s number is 
3* below the mean ; Dr. Crawford’s is exact. This inge- 
nious philosopher afterwards sought to confirm the evidence 
thus given to the accuracy of the scale, by other experiments, 
which were however of rather an equivocal import. Both of 
the above results have been condemned and rejected by Mr, 
Dalton: he states the true mean temperature to be not 
iafi®,nor even li9®, but no®. For this deviation, the reasons 
which he assigns appear, independently of all arguments 
derived from other quarters, to be in themselves inconclusive. 
He says, “ the temperature of the above mixture ought to be 
found above the mean 123®.” “ Water of these two tempe- 
“ ratures (32® and 212®) being mixed, loses about of its 
“ bulk. This condensation of its volurlie * must expel a 
. “ quantity of heat, and raise the temperature above the 
p. 7. Again,, p. 50, “ that water increases in its 
“.|;^jpaGity for heat with the increase of temperature, I con- 
♦^^^I'. demonstraW^ the following argumems. tst. A 

%'{iqaad;.is Qo^proof of^tSus^eiKpiithibn of heat, 'hr 
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“ measure of water at any one temperature mixed with a 
“ measure at any other temperature, the mixture is less than 
two measures. Now, a condensation of volume is a certain 
“ mark of diminution of capacity and increase of temperature,* 

“ as in the mixture of sulphuric acid and water ; or the efiects 
“ of mechanical pressure, as with elastic fluids. Sea)nd, 

“ when the same body suddenly changes its capacity by a 
“ change of form, it is always from a less to a greater as the 
temperature ascends ; for instance, ice, water and vapour, 

“ Third, Dr. Cravtford acknowledges from his own ex- 
“ perience, that dilute sulphuric acid, and most other liquids 
“ he tried, he found to increase in their capacity for heat with 
“ the increase of temperature. Admitting the force of these 
" arguments, it follows, that when water of gs" and sia® are 
« mixed, and ^ve a temperature denoted by 119° of the 
“ common thermometer, we must conclude that the true mean 
“ temperature is somewhere below that degree. I have 
“ already assign^ the reason why I place the mean at 110.” 
Now the only reason I’ can elsewhere find, is derived from his 
general law, ** that all homogaiojus liquids expand, as the 
square of the temperature, from the psint of greatest density 
or congelation,” In p. 7, he ventures to assert nothing more 
than, " that it is not improbable that the true mean tempe- 
** rature between 32° and ai2“, be as low .as 110? 

“.RENHEIi;.” 

Satisfied from my pyrometrical expeiimmp, that his 
general hypothesis of the expansion of iiqmds being as the 

Bor the entire of this usasiHung* see my Essay just q^uoted 5 expansion of 

by Incieale eapi«dty The 

MDcctJivra* 8 1> 
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square of their temperature, is totally inapplicable to mercury, 
the inference relative to the thermoraetric mean between 32“ 
and 312° cannot be allowed. But let us examine, on their 
own merits, the preceding arguments against Dr. Crawford 
and De Luc’s verification of the mean temperature between 
that of freezing and boiling water. 

The reasoning derives its sole force from the assumption, 
that the capacity of water for heat, increases as its tempera- 
ture is raised. There is adduced, however, no fact in the least 
decisive on this main point. What analogy is there between 
the entire change of form and constitution suffered by an incon- 
densible liquid, on becoming an elastic vapour, and the pro- 
gressive heating of the liquid itself .? Or, although dilute 
sulphuric acid and other liquids should increase in their 
specific caloric on being heated, which however has not been 
satisfactorily demonstrated, iare we to assert that water must 
do so too ? It is a matter of surprize to me, that a philosopher 
of Mr. Dalton’s judgement and acuteness should have 
pressed such inconclusive analogies into his service. He 
knew well that water is endowed with some curious peculia- 
rities, when compared with other liquids, or anomalies, as vee 
idly stile them ; for they, constitute no anomaly in nature, but 
ifvisely fit water for performing the important functions 
assigned to it in the economy of bur globe. 

In a series of experiments, carefully conducted on the 
relative capacities for heat, of water, sulphuric acid, oil of 
fw^tine, arid spermaceti oil, published in ’ my Essay on 
liy^lb^loric aad mid the chlorH it seerais. to Jbe directly 
\deri|Oa^|^,i^;ltliat -the;^{)^fic-heat crf^wate'ri ^dJo^mot increasei 

: .'that" Very fi^rispicuously, ' as'its* 
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temperature rises. It is there proved, that from sio® to 150“ 
Fahr. the specific heat of oil is to that of water as 597 to 
1000; and from 150® to 90“ as 513 to 1000. The same pro- 
portional difference of relation is exhibited by the other two 
liquids. Now, were the phenomenon occasioned by the oil 
of vitriol, common oil, and oil of turpentine, increasing in 
their capacities for heat In a still more rapid ratio than water, 
we should undoubtedly expect, from the innate differences 
between the specific heats of these three substances, to find 
that they would move independently on each other, or at 
different rates. But their uniform advance together, while 
water alone varies in this respect, shows distinctly, that in the 
water resides the cause of the variation. This reasoning may 
be illustrated in many ways, but by nothing more clearly than 
the exploded astronoriiical system of the diurnal and annual 
movements of the sun and fixed stars ; in support of ■which, 
very extravagant hypotheses had to be contrived. 

The single fact of the motion of the earth once adnutted, 
reduced the Ptoiemaic chaos to order. If, in like manner, we 
should suppose an increasing ratio in the spedfieheatof w:ater, 
then we must also suppose a much more rapid increase in the 
ratios of the above three substances, although their individual 
specific heats are greatly inferior to that of water. Ought 
not that body, which has of al! others the most decided relation 
to heat, or highest spedfic heat, to have alse its ratio most 
decidedly or Tapidly augmented ? In adopting the increasing 
spedfic heat of watec, we must farther assumei that, however 
.di^rent the inifial spedfic heats of the abov:e three liquids may 
be, yet, wMethey possess all the saape rate of increase, w^er 
alone|ies,a di^rent one; an inadmissible supposition, ^^11 
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these difficulties and contradicti6ns are removed at once by 
the experimental fact, that water is endowed with a de- 
creasing ratio in its capacity for caloric, as its temperature is 
augmented. 

Since finishing the above researches on specific heat, I have 
been led to examine attentively the systematic accounts of 
this subject in our chemical treatises ; and I find that Ber- 
taoLtET, with a sagacity peculiar to himself, had anticipated, 
from the chemical constitution of bodies, such an experimental 
result as I have recently obtained ; though the statements 
then prevalent all militated against his views. “ If caloric 
“ obey the usual laws of attraction, when it is in small 
“ quantity, relative to the body to which it is united, it will 
** enter into more intimate combination ; and hence the elas- 
“ tkity or expansive energy of it, on which temperature 
“ depends, may be overcome, and a larger quantity be required 
“ to produce a given temperature* Hence, the quantity of 
caloric contained in bodies in the first stage of temperature, 
“ may be greater than it will be higher in the scale." 

In the Essay above referred to, I have shown that this cir- 
cumstance in water, renders it peculiarly qualified for serving 
as the magazine and equalizer of the temperature of the 
'globe. Since at our ordinary atmospherical heats, it pos- 
sesses the greatest capacity for caloric, small variations in its 
t^aaperature give it a great modifying power over the 

Although the doctrine of final causes 
be- ife safe guide to the dis^ of unknown truths, yet 
■'v»i^;itt|imuurswhh‘expeitoent, it -an agreeitble 

being placed 
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several degrees above its point of congelation ; a fact which 
does not hold with regard to any other homogeneous 
liquid. 

If the specific heat of water, then, diminish as its tempera- 
ture advances from the freezing to the boiling point, an 
interval of 10* near 3a®, will contain more caloric than ten 
degrees near lae®, and still more than the same intervals near 
312 °.. On this principle we can readily account for the results 
obtained by Mr. Dalton, in mixing with water at dijSerent 
temperatures a known proportion of ice ; though it is remark- 
able that this able chemist did not see in them any thing 
inconsistent with his own opposite views upon specific heat. 

“ i 76°.5 expresses the number of degrees of temperature, 
“ such as are found between 200° and sis°of the old or com- 
** mon scale, entering into ice of 32°, to convert it into water 
of 32° ; 150° of the same scale suffice, he says, for the same 
effect, between 122° and 130° : and between 45° and 50°, 128° 
are “ adequate to the conversion of the same ice into water. 

These three resulting numbers (128, 150, 176.5) are nearly 
** as 5, 6, 7 - Hence it follows, that as much heat is necessary 
“ to raise water 5° in the lower part Of the old Stale, as is 
“ required to raise it 7° in the higher, and 6° in the middle.”* 
Mr. Dalton, instead of adopting the obvious conclusion, 
that the Capacity of water for heat, is greater at lower than it 
is at higher temperatures, and that therefore a smaller 
number of degrees of the former should melt as much ice 
as a greater number of the latter, ascribes the deviation 
denoted by these numbers, or their differences, to the gross 
errors: of oiir dWmoraetric graduation ; which he considers 

’■ . •' 53. 
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so excessive, as not only to equal, but greatly to overbalance 
the real increase in the specific heat of water ; which left to 
its own operation, would have produced opposite experimental 
results. 

That our thermometric scale has no such prodigious 
deviation from truth, or uniformity of indication, I conceive to 
be fully established, and therefore the only legitimate 
inference from these very experiments of Mr. Dalton, is the 
^creasing capacity of water with the increase of its tem- 
perature. 

It deserves to be remarked, that my experiments on the 
relative times of cooling a globe of glass, successively filled 
with water, oil of vitriol, common oil, &c. give exactly the 
same results as Mr. Dalton derived from mixtures of 3 ounces 
of ice and (So of water. This concurrence is the more satis- 
factory, since, when the Essay on hydrochloric acid was 
written, I had no recollection of Mr. Dalton's experiments. 
I found that from 3x0® to 150® the specific heat of oil bears 
to that of water the ratio of 597 to 1000; and from 1,50® to 
90*, that of 513 to 1000. Now, at his highest and middle 
temperatures of soo® and tso®, which come nearest to mine 
of X 80° and iao“,we have by him the ratio of 176X5 to 150“. 

But 597 ; 5x3 : : 176 : 150 exactly, which is a very strik- 
ing coincidence, and affords the happiest confirmation of the 
accuracy of both sets of experiments, as well as of the just- 
ness of the principles oh which they were conducted, and on 
lyhjch, particularly,: my reductions were founded. "Wte now 
s^:^e re^pn ofyvater ataa” ^d 

; • ;,tp,mperature ’.may - be ' 6e/(w;the mean, as 

.■;%as'';i|3ilu^ '.Th^irpapaclty, a| -tfee middle tempo- 
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rature, is greater than the mean capacity of the two extremes, 
(that is of the ingredients mixed, ice, cold and boiling water) 
and therefore the thermometric tension will be lessened, and 
its mercury will descend on the scale.* This diminution of 
temperature will cause a corresponding diminution of bulk, 
which affords a complete answer to Mr. Dalton's first and 
only plausible argument, formerly quoted against Dr. Craw- 
ford’s deductions, and the opinions of De Luc. With regard, 
however, to these experiments, of mixing hot and cold water 
to find a mean temperature, there are sufficient difficulties to 
render the result uncertain to 2 or 3 degrees. Hence, nothing 
of moment can safely be inferred from them. 

Concerning sulphuric acid in its various states of dilution, 
I beg to refer the reader to my Essay on the subject, where 
he will find several peculiarities relative to its volume at dif- 
ferent acid strengths, that entirely change its relations to 
caloric. I have not seen these formerly adverted to by any 
chemist. They were evidently unknown to Mr. Dalton. 

Chapter III. 

On the latent heat of different vapours.' 

What relation is there between the caloric existing in the 
vapours of different substances, and the temperatures at which 
they respectively acquire the same elastic force ? 

On this subject I am not acquainted with any preceding 
inquiries, though a question of such interest has probably not 
escaped examination. ' 

• Taking Mr. Dalton’s three numbers as correct; then ~^ , '^^ ieS ^ 152*25, 
But 1 50® in the middle are equal to the fotiniw, mean of the two. Hence, the propo- 
sition in ihe text is demonstrated. ' 
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In this research I employed a very simple apparatus j and 
with proper management, I believe it capable of giving the 
absolute quantities of latent heat in different vapours, as 
exactly as more refined and complicated mechanisms. At 
any rate, it will afford comparative results with great pre- 
cision. 

It consisted of a glass retort of very small dimensions, with 
a short neck inserted into a globular receiver of very thin 
glass, and about three inches in diameter. The globe was 
surrounded with a certain quantity of water at a known tem- 
perature, contained in a glass basin. 200 grains of the liquid, 
whose vapour was to be examined, were introduced into the 
retort, and rapidly distilled into the globe by the heat of an 
argand lamp. The temperature of the air was 45*, that of 
the water in the basin from to 43“, and the rise of tem- 
perature, occasioned by the condensation of the vapour, 
never exceeded that of the atmosphere by 4 degrees. By 
these means j as the communication of heat is very slow 
between bodies which differ little in temperature, I found, 
' that the air could exercise no perceptible influence on the 
water in the basin during the experiment, which was always 
completed in 5 or 6 mihutes. 4 themonteter gr^t deli- 
Oacy was continually movod through the water; and its 
indications were read olf, by the aid of a lens, to small frac- 
tkjiqs of a degree. 

In all the early expejrimdnts of Dr. BtACKon thejigtjent 
hbat of common steam, the neglect of the above precanflons 

estimate. Hence that dis- 
latent 'hea|;bf 'steam to be 
Mr.^WA^^sjiferwards .deter- 
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mined it more nearly from 900® to 950* ; and Lavoisier and 
La Place have made it looo*. 

It is evident that whenever the water, into which the latent 
heat is evolved by condensation of the vapour, becomes much 
hotter than the surrounding air, it will be impossible to 
ascertain how much of the caloric is dissipated ; and conse- 
quently, the true quantity contained in the vapour: must re- 
main uncertain. 

The sources of error in operating with the calorimeter of 
Lavoisier and La Place, were first pointed out by Mr. 
Wedgwood, and have been since commented on by Dr. 
Thomson, and other good systematists. It is said to be 
difficult to obtain precisely uniform quantities of liquified ice 
in the repetition of the same experiments, with that celebrated 
apparatus. 

From the smallness of the retort in my mode of proceed- 
ing, the shortness of the neck, and its thorough insertion into 
the globe, we prevent condensation by the air in transitu ; 
while the surface of the globe and the mass of water being 
great, relaliye to thd quantity of vapour employ ed». the heat 
is entirely transferred to the refrigeratoiy, where it is allowed 
to remmn, without apparent diminution, for a few minutes. 
In numerous repetitions of the same experiment, the accord- 
ances were excellent. The following table contains the mean 
results. The water in the basin weighed in each case 
The globe was held steadily in the centre of the 
water by a slender ring fixed round its neck. The distilla- 
tion was rapidly performed, so that all the condensation took 
place in the globe. ; , 

MDCCCXVIII. S 
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Table of experimental results on the latent heat of different 

vapours. 


200 gr. of water distilled, raised 3*34)0 gr. 


water from - - - 

4,a"-5 

to 49“ 

300 gr. alcohol, spec, gravity 0,835 

42 

t o 45 

300 gr. sulphuric ether ; boiling point 1 ie° 

42 

to 44 

300 gr. oil of turpentine 

43 

to 43,5 

300 gr. petroleum - - . 

42.3 

to 44 

200 gr, nitric acid. spec. grav. 1.404, boiling 



point 163® - . - 

42 

to 43.3 

200 gr. liquid ammonia, sp. gr. 0.978 

4« 

to 47*5 


200 gr. vinegar. sp. gr. 1,007 « 42.5 to 4^.5 

Calculation from the above table of the specfic or latent heats 

of the vapours. 

ist, Water. aaa 161.7 ass the number of grains of 
■water contained in the refrigeratory to one of steam. This 
proportion is constant for all the vapours. 

From 42°.5 to aia® there are one half of which 

ssa 84'’.73, or in round numbers 84’, is the rise of temperature 
which would be produced by adding to water at 4a®. 3 its own 
weight of boiling water; and ass 0.33, is the elevation 
which 300 gr. would occasion on 33340 grains. 

The water was however in reality heated 6 ^ degrees, or 
frism 4S®.5 to 49®. The difference, '^.3 — ' » 3^98, 

thei quantity of heat added to each of the 161.7 parts 
^ of boiling have 
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And 5.98 X 161.7 = 9 ^ 7 *. being the latent heat of the 
steam of water. 

sd. Alcohol. Boiling point 175°, Specific gravity 0.82.5. 

= 0.41 . 0.41 multiplied into the specific heat 

of liquid alcohol 0.65, is o°.s66, which represents the eleva- 
tion of temperature produced by adding 200 gr. of boiling 
hot alcohol to 32340 gr. of water. The thermometer in the 
experiment rose 3®. 3° — o°,266 = a.734, a. 734 x 161.7 = 
442® s= the latent heat of alcoholic vapour in equiiibrio with 
the atmospheric pressure. By a similar process of calcula- 
tion the latent heat of the other vapours was determined. 


General table of latent heat of vapours- 


of water at its boiling point 

967° 

alcohol 


ether 

30s -379 

petroleum 

177.87 

oil of turpentine 

177.87 

nitric acid 

531-99 

liquid ammonia - 

837.28 

vinegar 

873.00 


From tlie phenomena exhibited in the mechanical conden- 
sation and rarefaction of gases and vapours, as well as from 
their general constitution, it may be inferred, that an intimate 
and necessaiy connection subsists between their latent heat, 
elastic force, and specific Weight or density. 

Hence, when their tension is the same, it appears reasonable 
to suppose that the product of thdr densities into their quan- 
tities of latent heat will also be the same. Repulsive energy 
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will be proporti(>nal to the quantity of heat, the repulsive 
power condensed or contained in a s^iven space. Thus if the 
space left for its interposition or lodgment be in one vapour a 
half or a third of the amount of the space in another, we 
ought to find equal tension produced in the former case, by 
a half or a third of the latent heat required for the latter. 

As the principle, I have reason to suppose, is somewhat 
new, let us illustrate it by an application to the three vapours 
in the above list which are most homogeneous, or at any 
rate best understood ; those of alcohol, ether, and water. 

Aqueous vapour of an elastic force balancing the atmos- 
pheric pressure has a specific gravity, compared to air, by the 
accurate experiments of Gay Lossac, of lo to i 6 . 

For facility of comparison let us call the steam of water 
unity, or x.oo ; then the specific gravity of the vapour of pure 
ether is 4.00, while the specific gravity of the vapour of 
absolute alcohol is a.6o. 

But the vapour of ether, whose boiling point is not too®, 
but 11a®, like the above ether, contains some alcohol; hence, 
we must accordingly diminish a little the specific gravity of 
its vapour. 

It will then become instead of 4.00 - - 3.35 

Alcohol of o.8as sp. gr. contains much water; 

specific gravity of its vapour - - 

That of water as before, unity - • - 1.00 

The interstitial spaces in these three vapours will there- 
ibr» be inversely as these nutpbers, or 

' ■' 'ialcsofeK?!;. ~ .fer ! ' 
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Hence of latent heat, existing in ethereal vapour, vwll 
occupy a proportional space, be equally condensed or possess 
the same tension with in alcoholic, and ~ in ^aqueous 
vapour. 

A small modification will no doubt be introduced by the 
difference of the thermometric tensions, or sensible heats, 
under the same elastic force. Common steam, for example, 
may be considered as deriving its total elastic energy from 
the latent heat inultiplied into the specific gravity + the 
thermometric tension. 

Hence the elastic force of watel*, or 

Ew == 970® X 1.00 + SIS® S5S ii8« 
as5 30a® X 3.55 + 112® =*1184 
= 440*^ X 2.30 -f 173® = 1185 

Three equations which yield, according to my general 
proposition, equal quantities ; or of which the differences are 
inconsiderable, and undeserving of notice. 

Neither the specific heats nor specific gravities of the 
other vapours are ascertained with sufficient precision to 
liable us to subject them to calculation. 

General equation F — l xD + T « 6 : L, latent heat, I), 
dOTSity, T, tefflperafure corresponding to F. 

When the elastic forces of vapours are doubted, or when 
they sustain a double pressure, their interstices are proportion- 
ally diminished. We may consider them now as in the condi- 
tion of vapours possessed of greater spedfic gravities. Hence, 
the second portion of heat Jaitrodticed to give double the 
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elastic force need not be equal to tlie first, in order to pro- 
duce the double tension. This view now given accords with 
the experiments of Mr. Watt, alluded to in the beginning 
of this memoir. He found that “ the latent heat of steam is 
less when it is produced under a greater pressure or in a 
more dense state ; and greater when it is produced under a 
less pressure or in a less dense state." * 

Berthollet thinks this fact so unaccountable, that he has 
been willing to discard it altogether. Whether the view 
which I have just opened, of the relation subsisting between 
the elastic force, density, and latent heat of different vapours, 
harmonize with chemical phenomena in general, I leave to 
others to determine. It certainly agrees with that unaccount- 
able fact. Whatever be the fate of the investigation of the 
general law now respectfully offered, the statement of Mr. 
Watt may be implidtly received under the sanction of his 
acknowledged sagacity and candour. 


CONCLUSION. 

To the theory of latent heat, which, like the hydrostatic 
paradox of Archimedes, might have remained for ages a 
barren, though beaudful proposition, the fertile genius of that 
philosopher gave all at once its noblest application, and most 
beneficial influence on human life, by his new steam engine. 
After him, many minds of the first order for science and 
Smutty haye ofiered schemes of farther improvement ; 

^ '"f< .fv-Philo8, Trans, vol. 84, p. 335, ' 
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but all either frivolous or abortive ; with such prophetic 
judgment had Mr. Watt anticipated the happiest form and 
structure of which it was susceptible. 

Under this conviction, it is with much deference that I draw 
the following practical inferences from the last train of ex- 
periments. 

Since the vapour of alcohol, having the same elastic force 
as the atmosphere, contains of the latent heat of ordinary 
steam, and since its elastic force is doubled at the 206th 
degree (6° below the boiling heat of water), with perhaps f 
of additional caloric ; might we not, in particular circumstances, 
employ this vapour for impelling the piston of a steam 
engine ? The condensing apparatus could, I imagine, be so 
constructed, as to prevent any material loss of the liquid, 
while more than a quadruple power would be obtained from 
the same size of cylinder at a 12®, with an expenditure of fuel 
not amounting to one half of what aqueous vapour consumes ; 
or the power and fuel would be as 3 to i, calling their 
relation in ordinary steam 1 to 1. A considerable engine 
could thus also be brought within a very moderate compass. 
Possibly, after a few operations of the air pump, the incon- 
densible gas may be so effectually vdthdrawn, that we might 
be permitted to detach this mechanism, which, though 
essential to common en^nes, takes away one fourth of their 
power. In a distillery in this, country, or on a sugar estate 
in the colonies, a trial of this plan might perhaps be made 
with advantage. While exercising its mechanical functions 
of grinding, mashing or squeezing the canes, it would be 
converting ordinary into strong spirit for rectification, or for 
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the convemence of carriage. Might not such an engine be 
executed on a small scale, for many purposes of domestic 
drudgery? It would unquestionably furnish a bcauttful 
illustration in philosophy, to make one small portion of liquid, 
by the agency of fire, imitate the ceaseless circulation and 
restless activity of life. 





C 395 3 


XIX. Observations on the heights of mountains in the north of 
England. By Thomas Greatorex, Esq. F. L.S. In a letter 
to Thomas Young, M. D. For. Sec. R. S. 

Read May 7, 1818. 

Having been desirous, for many years past, to revisit the 
lakes in the north of England, and wishing, when I should 
be able to take that tour, to make some experiments on one 
of the mountains in that district, I applied to the late Mr. 
Ramsdxn, who made for me the following instruments : 

A mountain barometer. 

A stationary do. (the mercury of both boiled in the tube.) 

A telescope with cross-wires, and a level fitted to it, 
mounted on a tripod-stajfF. 

And a small theodolite, with compass, &c. 

These he assured me were made with the greatest care. 

I have this summer passed some weeks in the vicinity of 
the Lakes; and at Keswick T fortunately met with one of 
those superior self-taught geniuses, not uncommon in the 
North, who entered into all my views, and proved eminently 
serviceable to me. His name is Otley, and he is a watch- 
maker, but acts occasionally as guide up the mountains. See, 
As I wished to measure Skiddaw geometrically down to 
the average level of Derwent Water, I had a tapering stafi" 
made about 38 feet long* shod with an iron point, and very 
carefully graduated from, ^n accurate standard yard measure, 
sent from the proper office, in L^ 

MDcccxvni. S F 
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The graduation commenced from a zero about 3 feet from 
the bottom of the staff, so that from tlic zero to its top was 
exactly 25 feet ; the top ending in a bluntish point. 

Twelve feet six inches of the upper part of the staff could 
occasionally be separated from the lower part, botli for the 
convenience of carrying, and in case the wind should prevent 
the use of the whole length. Small cords were also attached 
to it, for the purpose of holding it steady and perpen- 
dicular. 

We first determined the height of Oxley’s house above 
the lake, which was 10 yards, and at this height the 
stationary barometer was placed ; and Mr. Crosthwaite, of 
the Keswick Museum, undertook to note its variation and that 
of the thermometer every half hour. 

We then ascended Skiddaw, accompanied by Mr. Airey, a 
black-lead pencil maker (who proved an excellent assistant), 
and two boys. On the summit the barometer was set up, I 
first adjusted it, and privately noted down the height of the 
mercury ; then purposely deranged it, to let Oxley re-adjust 
it, and write down his observation, which never differed from 
mine more than one thousandth of an inch during the whole 
series of observations. The heights of the attached and 
detached thermometers being also noted, we proceeded to the 
measurement by the level and staff. 

The telescope being levelled, and its cross wires intersectr 
intg the highest point of the mountain#, it was then pointed in 
d^' direc^^ descent, and the staff 

till ‘Its top exactly coindddd with the 
■ , telescope being 'carefully pre- 

^e. Staff' was”' ascertaihed by ■ 
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plumb lines. And here I must mention how greatly we were 
favoured by the weather : the sun only shone during the first 
observation, and it was nearly a calm during the whole of 
the measurement, so that Airey could frequently, by inserting 
the pole a little in the ground, set it on a balance, which 
would remain during the time necessary for adjusting the 
level, and observing it. 

I have also to observe, that we chose so precipitous a 
descent, that the pole was seldom 40 feet from the telescope, 
therefore no allowance was necessary for the earth’s curva- 
ture. 

I found the most expeditions and exact mode of managing" 
the pole, was to stop Mr. Airey, when I perceived its top to 
be about an inch above the cross wires ; as I could then make 
signs to him to press it into the earth by little and little till the 
coincidence was exact : the telescope was then carried down 
to the pole, and placed (when levelled) in exact correspon- 
dence with the zero. The pole was again removed down to a 
new station, and this mode continued till we had compleated 
six observations, or 50 yards of descent. Here the barometer 
was again set up, separately examined as beforehand this 
process continued to the foot of the mountain. 

After descending 175 yards, it was necessary to take a 
dead level of half a mile, which was corrected by several 
observations back and forward, as also by a middle station. 

We measured 400 yards down the first day, and on the 
following day compleated 900 yards, which brought us to the 
village of Applethwaite, and near the level of Bristow Hilij 
about a mile distant. * 

The next day many observations were made back, and 
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forward between Amnathwaitc and Bristow Hill, allowing 8 
inches for the earth’s curvature : a small allowance appeared 
necessary for refraction, the object appearing rather lower 
than it ought to have been. (This was in the forenoon.) 

From Bristow Hill, by means of a middle station, a level 
was taken to Crow Park, close to the lake, and the measure- 
ment compleated down to the mean height of Derwent 
Water. 

Results of the levelling. 

yds. ft. in. 

From the summit of Skiddaw to Applethwaite - 900 o o 

Down to the level of Bristow Hill - • - S ^ 7i 

Thence to the level of Crow Park - - - J4. a S 

Down to the average height of Derwent Water • 1603 

Skiddaw above the lake • 936 o j J 

Derwent Water above the sea at low-water mark, nccording to ant 
accurate measurement by the late Mn CttosTH WAITE •• 76 o o 

Height of Skiddaw by levelling * loi a o 3^ 

Results of the several barometrical observations on ike summit of 
SUddaWt Sept. igth. 1817, at to hours 30 min, a. m. 

inches. 

Barometer below, 10 yds. above the lake 30.050. Tlier. 6i*. 

Barometer above - - 37.156. Th. attached 57®, Do. detached 50“. 

yds. 

Whence, by Dr. Maskbi.yhb’s formula, the height - - 936.1685 

Measured height . . . « s: ,jz 6 

error + ,——,1685 

By Dr. Hvtton’s formula • - 935.385 

error «— . .715 

Sbyardsdown. ish. aom. 

Bar. beltitw - • 30.030. Ther. 62*. 

;b®*^*l>pve, « - 27.310. Do. 56*.* yds. 

; : Measured height - - By 6 

^ ByDr..Wai»K«xiy«i. .. . ' 

■' " error d.801533 ' 

" ..^B^'Dr.HuTTOK '■« , „ .error;— ■.;.3.94l 

•L'?'. . did . rwt; differ . fer . the ..reroaiuder of 
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Bar. below 
Po* above 

ICO yards down, i h. lom# 
inches. 

30.010. Then 62 ^* 

- 37.444. Do. 56®. 
Measured height 

By DnMASKELYNE 

- 

yds. 

826 

821.71247 


By Dr, Hutton 

error — * 

error — 

4.28753 

4.6032 

Bar. below 
Do. above 

150 yards down, i h. 5501, 

- - 30.010. Then 63®. 

37.590. Do. 56®. 
Measured height 

By Dr. Maskelynb 

- 

yds. 

776 

772.3057 


By Dr. Hutton 

error ~ 3*6943 
error ~ 4.6444 

Ban below 
Do« above 

200 yards down. 4h. 20m. 

- - 30. Then 6 m 

- - - 37.708. Do. 5 3®. 

Measured height 

By Dn Maskblyne • 

- 

yds. 

726. 

724-7245 


By Dn Hutton 

error — 1.2755 

- error — 2.092 

Ear. below 
Do. above 

250 yards down. 4h, 5201. 

- * 30. I'her* 60®. 

. - 27.851. Do. 50^. 

Measured height 

By Dn MASKEttYNE 

- 

yds. 

676, 

672,352 


By Dr. Hutton 

error — 3.748 

• error — 4 . 31 $* 

Bar. below 
Do. above 

300 yards down. 5h. 5om.< 
29.990. Then 58*. 

- - 38.003. Do. 48<>. 

Measured height 

By Dr. Maskbeyns 

- 

yds. 

626, 

616.731 


By Dn Hutton - 

error ~ 

error ~ 

9,369 

9.6532 

Bar. below 
Do. above 

350 yards down* 6h. 45m, 

* - • 39.987. Then 5 7^ 

- > 38.150, Do. 47^ 

Measured height 

By Dr* Masrexynb 


yds. 

576. , 

566.3645 

" , ' -- 

By Dn Hutton 

error 

• error ~ 

9.91 
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Bar. below 

400 yards down. yh. Kni. 
inches, 

29,980. Thcr. 


Do, above 

•• 2S.310. Do, 47^. 
Mcastircci height 

By Dr. Ma.sk E l, YN E 

yds. 

* f;z 6 , 

513,3128 



By Dr. Hutton 

error ~ 
error ~ 

12.6872 

12.S4 

Bar. below 
Do. above 

400 yards down. Sept. 6th, 1B17. loh. 15m, 
29,890, Tiler* 59^. 

- • 3vS.24o. Do. 54<». 

Measured height 

By Dr* Maskelyne 

A. M, 

yds, 

526. 

517.89753 


By Dr. Hutton 

error ~ 

error ~ 

8.10247 

8.674 

Bar. below 
Do. above 

450 yards down. iih. 5m* 

- * - 39.900. Then 59®. 

* - 28.396. Do. S4«. 

Measured height 

By Dr. Maskeltne 


yds. 

■ 476 « 
470,3667 


By Dn Hutton 

error — 5.7333 

error 6,251+ 

Bar. below 
Do. above 

500 yards down. uh. 54mi 
« « 39.900. Then 61*^. 

« - 38.564 Do. 56'*. 

Measured height 
EyMASKlUYNB 

«* 

yds. 

426. 

417.8833 


By Dr. Hutton 

error—- 8.1167 
error — 8.65 

Bar. below 
Do. above 

550 yards down. ieIu 34m. 

*■ 39,905. Ther. 6 1». 

„ . 28,^30. Do. 56®* 

Measured height 

By Dr.MASKBLITNE 

- 

yds. 

376, 

3 ^ S - H »7 


By Dr# Hutton - 

error 

error 

— 10.1573 

— 10.6186 

’Bat. bdow 
,, ’pert'abffO 

600 yards down, i ah. 5301. 

- , • *9.908. Ther. 61®. 

• . , . 28.866. Do. ' 5 ^"* 

. : Measunsd height . • 

, ' . ■'Bjr'Drt MAesKsyss , v 

- 

yds.' ' . ■ 

3 *S. 

3*3.098758 

'fpe 


error ~ 
error ^ 

*>901242 

3 - 3*6 
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Bar. below 

Do. above 

650 yards down. ah. 501. 
inches. 

• - 29.^10. Ther. 60®. 

29.046. Do. 56®. 
Measured height 

By Dri Maskelyne 

yds. 

. - 276. 

206.8915 


By Dr. Hutton 

error ~ 9,1085 

- error — - 9.446 

Bar. below 
Do. above 

700 yards down. ah. 38m. 

29,910. Ther. 60®. 

- 29.188. Do. 56®. 
Measured height • 

By Dr. Maskelyne 

yds. 

- 226 

221.8442 


. By Dr. Hutton 

error — 4*1558 
error ~ 4.446 

Bar. below 

Do. above 

750 yards down. 3h. 5m. 

- - • 29.920. Ther. 59®* 

- - 29.364. Do. 57®. 

Measured height • 

By Dr. MASKBtYNi 

yds. 

176. 

171.333 


By Dr, Hutton 

error 4.667 

- error ~ 4.888 

Bar. below 
Do. above 

800 yards down. 3h. 35 m. 

29.930. Ther. 59®. 

- - -29 548. Do. 58®. 

Measured height 

By Dr. Maskelyne 

yds. 

- » 126. 

117.82 


By Dr. Hutton 

error ~ 8*i8 

error — 8-2996 

Bar. below 
Do. above 

850 yards down- 4h. 5m. 

- 29.940. Ther* 58®. 

- - 29.716. Do. 58®. 

Measured height 

By Dr* Maskelyne 

yds. 

jS. 

- 69.36818 


By Dr. Hutton 

error — 6.63182 

error — 6.4918 

Bar. below 
Do. above 

900 yards down. 4h4 48m. 

29.945 Ther. 58®. 
- - - 29.850. Do. 58®. 

Measured height ^ 

By Dr. Maskelyne 

yds. 

. ■■ .26. 

• 29.351 


By Dr. Hutton 

error + 3.351 

error + 3.31:3 
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From the near agreement of the nicasiirccl and barome- 
trical heights on the summit of Skitldaw, I had formed san- 
guine hopes that the barometer would prove a most exact 
determinator of altitudes, and almost supersede the necessity 
of having recourse to any other mode ; but the subsequent 
observations lead me to fear that the state of the atmosphere 
has an effect which we cannot yet account for, and to which 
we cannot apply a correction. When the operation was dis- 
continued on the evening of the 5tli, the air was dry and 
clear ; but on the morning of the 6th, the top of the mountain 
was clouded about 300 yards down, which might be the 
reason of the two observations differing by more than four 
yards. 

But the object of this paper is not to surmise, or submit 
any hy^jotbesis ; but faithfully to state the result of opera- 
tions carried on with all the, exactness I was capable of. If 
what I have done be deemed worthy of any attention by the 
learned and distinguished Society of which you. Sir, are a 
member, I shall be most highly gratified, and amply com- 
pensated for the toil attending operations on high rnountain.s. 

THOMAS GREAl'OREX, 


Pi S. Dr. Maskeetne's rales for determining the height 
of mountains by the barometer, are these ; 

tat. Take the difference of the tabular logarithms of the 
OblMaryed barometrical heights at the two stations, considering 
: %st figures (exclusive of the index) as whole num- 

rm^ing to the right as decithals. 

■ V " of Fabeenheit's thermometer 
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at the two stations ; multiply this difference by and add 
or subtract this product, according as the thermometer was 
highest at the upper or lower station, which will give an 
approximate height. 

3dly. Take the mean of the two altitudes of the thermo- 
meter, and find the difference between this mean and 33°. 
Multiply the approximate height by this difference, and the 
product by the decimal fraction .00344. This last correction 
being added to, or subtracted from the approximate height, 
according as the mean of the two altitudes of Fahrenheit’s 
thermometer was greater or less than 33°, will give the true 
height of the upper station in English fathoms. 

Dr. Hutton’s rules. 

1st. Let the heights of the barometer at the top and 
bottom of any elevation intended to be measured, be observed 
as near the same time as may be, as also the temperatures 
of the attached thermometers, and also the temperature of 
the air in the shade at both stations, by means of detached 
thermometers. 

sdly. Reduce these altitudes of the barometer to the same 
temperature by augmenting the height of the mercury in the 
colder temperature, or diminishing that in the warmer by its 
^ part for every degree of difference of the two. 

gdly. Take the difference of the common logarithms of 
the two heights of the barometer (so corrected), considering 
the four first figures (exclusive of the index) as whole 
numbers, and the rest to the right as decimals, which will 
give an approximate height. 

MDCccxvin. S G 
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4tMy. Take the mean of the two detached thermometers ; 
and for every degree which this differs from 31®, take so 
many times the part of the approximate height ; and add 
them if the mean temperature be abotie 31® ; but subtract them 
if it be below 31°; and the sum or difference will be the true 
altitude in fathoms. 
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XX. On the different methods of constructing a catalogue of fixed 
stars. By J. Pond, Esq. F. R. S. Astronomer Royal. 

Read May 21, i 8 i 8 . 

In the present state of practical astronomy, the principal 
object in a national observatory, such as that at Greenwich, 
is to define the position in the heavens, of the fixed stars and 
other celestial bodies, at the moment of their passage over 
the meridian ; and we judge of the perfection of the instru- 
ments, and of the skill with which they are employed, by the 
degree of precision with which this operation is performed. 

The very great changes and improvements that have takeii 
place within these few years in the instruments of this 
establishment, are well known to all persons who have 
interested themselves in its concerns. The liberality of his 
Majesty's Government has been literally unbounded; and 
instruments of unusual magnitude and of most difficult con- 
struction, have been executed with a success that has exceeded 
the most sanguine expectation. Such powerful means 
entrusted to my care, could not but produce, on my part, a 
continued anxiety that they should be employed in the 
most advantageous manner. Being constantly under the 
necessity , of reflecting a great deal on the various possible 
modes, both of making observations and of deducing results 
from them, I have insensibly been led to adopt methods 
which differ very materially from those generally pursued^ 
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and some of these appear to me to possess advantages so de- 
cided, that I venture to submit them to the consideration of 
this Society; at the same time, conscious that the subject 
cannot excite a very general interest, I shall endeavour to 
abstain as much as possible from every unnecessary detail, and 
confine myself to the explanation of the general principles of 
the method which I propose to recommend. 

According to the method hitherto invariably followed in 
this Observatory in constructing a catalogue of stars, either 
in declination or right ascension, some one star has been 
taken as a point of departure, and the positions of all the rest 
determined by direct comparison with this alone. The decli- 
nations were determined by direct measurement with y 
Draconis ;* and » Aquilse was chosen as the common term of 
comparison in right ascension. This mode of proceeding with 
the mural quadrant, though evidently capable of improvement, 
was not so very objectionable, as when applied to the obser- 
vations made with the transit instrument; as the observer 
must be supposed desirous of obtaining the greatest possible 
accuracy from a given number of observations. 

Indeed, in the latter case, the principle is so very objection- 
able, that I cannot now help expressing some surprize that it 
should have been employed for so great a length of time. 
In the first place, every result deduced from the observation 
of each star is affected with a doubleerror; that committed 
in observation of «Aquilse, and that in the observation 

, ^ appear to have beea the case, if it be considered that th«f 

no other office than that trfceaintaining 
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of the star itself ; this objection however is but trifling, 
compared with a more important one, which is this : if the 
observation of « Aquilae be omitted, either from bad weather, 
or from its passing the meridian at an inconvenient hour, or 
from neglect, then the observations of all the other stars are, 
for the purposes of this investigation, rendered entirely useless. 
Hence arose the necessity of combining the observations of 
so many years, to construct a catalogue with the accuracy 
required. That extreme accuracy was ultimately obtained, I 
am most happy to have it in my power to afiirm, since the 
difference is almost insensible between the catalogue lately 
deduced from the new transit instrument and that of ray 
predecessor ; though an interval of ten years has intervened 
between the periods of their construction. The advantage 
therefore of my method I conceive to consist in this ; that a 
catalogue may be constructed from the observations of a 
single year, equal in accuracy to one which formerly was 
obtained in three. 

The method I propose is equally applicable to the mural 
circle and the transit instrument. With neither! do I assume 
any particular star as a point of departure, in preference to 
the rest ; but, on the contrary, every star in its turn is 
assumed as a point of reference to the others ; thus endea- 
vouring, in the first instance, to establish their relative dis- 
tances from each other on the equator, or meridian, leaving 
the choice and determination of some common point of 
departure as a subject for future consideration. 

; To , render this morC easily intelligible, perhaps it would be 
better to consider each instrument separately. 
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Whoever attentively examines the construction of the 
mural circle at Greenwich, will perceive that its operation is 
entirely limited to the measuremeiit of the meridional distance 
between different stars. It is, in fact, a theodolite placed 
vertically. By an extension of its principle, it can measure 
the distance between a star and its reflected image from a 
mercurial horizon, and thus determine the altitude of a star ; 
and, in common with every other circle, it can measure the 
distance of a circumpolar star from the pole by an observation 
of its inferior and superior passage over the meridian. As 
the instrument cannot be reversed, a plumb line could not 
be applied, with any advantage. In circles that turn freely 
in azimuth, a double observation of a star gives the angle 
which the star makes with the axis of the in.strument round 
which it turns, and a plumb line is properly applied in 
this case to ensure the verticality of this axis ; hut on the 
Greenwich circle, a plumb line could only serve as a point of 
departure; and this having no reference to the real zenith, 
would, in my opinion, be very injudiciously chosen. 

Let us suppose, by way of example, that twelve stars had 
been observed with the mural circle, and one of the.se the 
pole star; moreover, that this star had been oKserved below 
the pole. Then, as it would be easy to determine the polar 
point, the position of all the remaining stars, with reference 
to this points might likewise be ascertained. It is however 
; ^^yident in this case, that each result would be affected by a 
ermr, viz. the yrror committed in the determination of 
' ^;;|i||pkyr|>pint,'-'^d alsothaf due to the observation' of 'each 
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Let us next suppose that, from some accidental cause, the 
inferior passage of the pole star had been omitted ; then, if 
the declination of this star be supposed to be known from 
previous observation, the polar point may be deduced from this 
supposition ; but the pole star, in this case, would have no 
superiority over any other star, Ml^ose polar distance should 
previously have been determined. If we employ two stars 
equally well known, it is evident that greater accuracy will 
be obtained ; and it is easy to conceive that by taking a greater 
number of stars, for instance the whole twelve, we may 
obtain greater accuracy than even by a double observation 
of the pole star, because the error of observation, and that 
arising from false assumption of polar distance, will necessarily 
be much diminished by the natural tendency which the positive 
and negative errors will have to counteract each other. 

These considerations, aided by daily trial and experience, 
induced me very soon after the mural circle was erected, to 
abandon every method which assumed one particular point 
of departure, and I directed all my efforts to the determina- 
tion of the difference of declination which existed between 
every star and all the rest ; constructing by this means a 
catalogue, which, with respect to the pole or the zenith, 
might be subject to a common error; reserving to myself the 
.power of investigating this common error by a process 
which will afterwards be explained. In the practical execution 
of this method, the observation of each star is employed for 
a double purpose; it first serves, in combination with all 
the others; to find, the {ommoh index error ; this common 
error again applied to the individual observation, gives , a 
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new result of the position of the star : asid of the totality of 
these results is the catalogue ultimately formed. 

In a paper which I had the honour of communicating 
to the Society, in the year i8i6, I have given several 
examples of the manner in which the index error of the 
mural circle is calculate^ though I did not at that time 
explain the principle or advantages of this method. In the 
printed Greenwich observations will be also found the com- 
putations of this index error for every month. 

I should observe, that when the greatest possible accuracy 
is required, the whole of the observations should be re-com- 
puted from the catalogue now supposed to be in its most 
perfect state, except the extremely small improvement it may 
receive from this process. And thus, by continued observa- 
tion and approximation, may the relative places of the stars 
be assigned to a very unexpected degree of accuracy. Now, 
though a continuation of this process has an evident tendency 
to improve the catalogue, as far as concerns the relative 
distances of the several stars to each other, yet it can have 
no effect in correcting any common error that may exist from 
a false assumption either of the zenith or the pole. I will 
endeavour, therefore, to explain the next part of the process, 
which is to determine the common error in polar distance. 
It is to be presumed that the pole star forms one of the stars 
of which the intended catalogue is composed, and it should be 
observed most assiduously, both above and below the pole. 

to be treated as if appertaining to 
and the place of each determined in the 
;■^l^|'^|;bi^''•tpplying'' tl^ index-error as^that era- 
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ployed for the other stars. When the whole catalogue is 
completed, these two results are to be examined ; and, if they 
appear equally distant from the pole, the catalogue is afiected 
by no common error ; but if, on the contrary, the polar point 
is not found to be precisely between these results, then half 
the difference will be the common error. 

The details of these computations will be found in the 
Greenwich observations ; and it will there be seen that the 
polar distances of this star, determined by 158 observations, 
in, the same manner as any other star of the catalogue, 
namely, by the application of the common index error, was 
found to be - - - 1.41.21.50 

Below the pole, by 13a observations, computed 
in the same manner ssa 358. 18.38.3a 

Their sum - - 359 - 59 - 59-82 

360 

Difference from 360 - 00 o".i8 

Difference or common error sss 0.09 

This difference, o'^09, is the common error to be added to 
each star of the catalogue, and the polar distance of the star 
thus corrected will be 1.41.21.59. 

I find by about 350 observations, deduced in the usual 
manner, without any reference to the other stars, 1.41.21.65, 
reduced to the beginning of 1813. 

The same principle, which I have thus attempted to explain, 
may be applied with equal facility, and even greater advan- 
tage, to the formaticm of a catalogue In right ascension. The 
MDcccxvnr. 3 H 
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error of the clock in this case, answers to the index error of 


the circle, and is investigated in precisely the same manner. 
An approximate catalogue is first assumed; and here, as with 
the circle, the observation of each star serves a double pur- 
pose ; in the first place, in common with all the rest, it is 
employed to determine the error of the clock ; and the error 
thus found is applied to the observation of the star. In 
this case, the right ascension of the star is supposed to 
be known ; in the second part of the process, the star is 
considered as a planet, or unknown object, and its right 
ascension found by the usual rules, and recorded an a single 
result; and from the totality of these results is the right 
ascension ultimately obtained. 

Should the deduced right ascensions differ materially from 
those originally assumed, the improved catalogue must be 
substituted for the approximate one, and the whole process 
recomputed. In this substitution, however, some judgment 
and discretionary power must be exercised ; for should the 
assumed or approximate catalogue be very exact, and the 
subsequent observations few or inaccurate, it is evident that 
the new catalogue might be less correct than the as.suincd 
one ; this, however, does not arise from any defect in the 
inethodj but is the inevitable consequence of any attempt to 
iBBproye geod observations by bad ones. As a practical 
illustration of this remark, I might add, that having myself 


aesuBied an approximate catalogue, so exact as that of Dr. 

it happens that at this moment, in the caSe of 


lillrs ^hie^ not beeri veiy frequently Observed, I 
®^^!^|^|)i|i;;w^l^er^tbe■new^'determbto is more 
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exact than the old one; but by continuing this process, a 
proper ascendancy will necessarily be acquired by the latest 
observations. 

In comparing my catalogue of right ascensions with that 
of Dr. Maskelyne, I meet with a singular coincidence, which 
seems tome to illustrate andconfirm, in a very striking manner, 
the advantage of the principle in question. In each catalogue, 
the right ascension of « Aquilae, though deduced apparently 
by a different process, comes out the same, even to the 
hundredth part of a second. Accident may possibly have 
some little share in this very exact coincidence, but it appears 
to me chiefly to arise from the very nature of our respective 
processes. In Dr. Maskelyne's method, the right ascension 
of every star is derived from direct comparison with a Aquilae, 
or in other words, the right ascension of « Aquilae is derived 
by comparing it with every star. So it is in my method ; and 
hence the same result ought to be obtained. But the advan- 
tage which in one case is peculiar to « Aquilae, is in the other 
method extended to every star : no possible reason can be 
given, why the place of one star should be more accurately 
assigned than that of another, provided an equal number of 
observations be obtained of each, since the place of every star 
is deduced exactly in the same manner from a comparison of 
all the rest.* 

Though not immediately connected with the present 
subject, I wish to take this opportunity of stating, that, in 
comparing the observations of the old transit instrument with 
those of the new one; I find a much less difference than I 

* As 1 have nothing new to ofter, as to the method of deducing the eq^oinoe^ial 
point from observations of the sun, J have not taken this part of the subject Into 
consideration. 
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expected. It appears to me that the former instrument must 
have described nearly a correct hour circle, though this circle 
was evidently not exactly the meridian. With all the decided 
superiority of the new instrument, I cannot venture to assign 
to thecatalogueof my predecessor an error much greater than 
one tenth of a second of time, even in the stars near the horizon, 
where the error appears probably to have been the greatest. 
I trust it will be considered by astronomers, as creditable to 
the history of this Observatory, that two observers, with 
diflferent instruments ( and by as different a method of com- 
putation as the case admits of ) should deduce two catalogues 
so exactly alike, that they may be considered almost as 
identical. 

It is an interesting question to every astronomer possessed 
of a valuable instrument, to know to what degree of accuracy 
its results can be depended on. I have examined a great 
number of observations made with the new transit instrument 
with this view, and it appears to me, that near the equator, 60 
observations will generally give the second decimal plice of a 
second of time very correctly j lao observations will give this 
with greater certainty, but not in the proportion of two to one.* 
This I think is rather a greater exactness than can be obtained 
by the mural circle, i* and the reason I apprehend to be this. 

l fiod.by the rule given bj'- M. XiAPLAeB^that; the, probable error of uoebier* 

■ vatioasfeo'jooj.intime. 

4 The optical povver ef the new transit ihstniaient la so decidedly greater than in 
, , i^ne, that each ohseiyat'ion must'-hecessadlf, be more- exact }' bith Jt idcfiiMai' 

the saaw prpipoi^lea.: 

limit to accuracy consists, rather in the eloek, 
•btWaw>;*on»idif*<i' aaa 
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With the mural circle, or any similar instrument, the place of 
a star appears to be defined at the moment of observation with 
much greater precision than by a transit instrument ; but the 
error of the latter,* I conceive, to be much more purely 
accidental ; so that the result of a great number of observa- 
tions will be more exact. Local refraction places an insur- 
mountable limit to observations in declination, particularly at 
any sensible distance from the zenith : observations in right 
ascension are free from this material source of error, and are 
therefore susceptible of attaining greater accuracy by con- 
tinued perseverance. 

I have no doubt but to many persons, and even to those 
extremely conversant with the theory of astronomy, it may 
appear, that a very undue degree of importance is attached 
by practical astronomers to the investigation of such minute 
quantities as form the subject of this paper; and it is a 
question often asked, of what importance can it be to science, 
that the place of a fixed star should be so accurately ascer- 
tained ? A person in ray situation might reply, that being 
employed to do this, it is incumbent on him to do it in the 
best manner possible, leaving the question of utility to 
others; but there is really a very reasonable and satis- 
factory answer to be given to this question. In the first 
place, since the position of the sun, moon, and planets, are 
deduced from direct comparison with the* principal stars, it is 
requisite, for this purpose, that their places should be accurately 
known, and their various changes ascertained. Moreover, 

yay goo4 one ; but of aU the instronients in the Ob$emt(»y, it is certaunly that in 
which improrement would be most beneficial. > 
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though in common language wc speak of determining the 
places of the fixed stars relatively to the equator and ecliptic, 
the real fact is, that the stars being stationary, it is the 
situation of these circles themselves, and the poitit of their 
intersection, that is the ultimate object of research ; and in this 
point of view we at once perceive how these precise determi- 
nations may facilitate the most abstruse investigations of 
physica;! astronomy. 





XXI. A description of the teeth of the Delphinus Gangeticus. 

By Sir Everard Home, Bart. V. P. R. S. 

Read June 4, 1818. 

Xhe Delphinus Gangeticus is described by the late Dr. Rox- 
burgh, in the seventh volume of the Asiatick Researches, 
published in 1781; but no farther account is given of its 
teeth, than that the number is 120, 30 in each jaw, nor have 
I met with any description of them in other publications. 
Dr. Shaw published his second volume of General Zoology, 
in which the whale tribe is mentioned, in 1801. He says, a 
narrow snouted dolphin is supposed to inhabit the Indian seas ; 
blit it is only known to us from specimens of the head and 
jaws. The jaws are extremely narrow, the teeth small, not 
numerous, distant, and shaped so^iewhat like the molares of 
quadrupeds. This description corresponds so ill with the teeth 
of the Delphinus Gangeticus, that it would almost induce us 
to believe that it is meant for those of another animal. 

A specimen of the upper and lower jaw of the Delphinus 
Gangeticus was given to me, 17 years ago, by Sir Joseph 
Banks, and has been deposited ever since in the Hunterian 
Collection ; but it was only the other day that an accidental 
reference to the Asiatick Researches led us to discover the 
animal to which they belong. The singularity of the teeth 
made it always.a remarkable object, and now the animal is 
known, a description of them may not be undeserving the 
attention of this Society. " : > ■ 
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The jaws and teeth form the most remarkable characters 
of this species of delphinus, and a description of them will 
not only interest the naturalist and comparative anatomist, 
but will enable the geologist, when fossil teeth arc ft)und of 
this shape, readily to determine the species of animal to which 
they had belonged. 

‘These teeth, as is common in those of the whale tribe, have 
the first rudiments formed in the gum, from which the tooth 
grows in both directions, upwards through the gum in the form 
of the point of a flattened cone which is coated with enamel, 
and downwards towards the jaw, increasing considerably in 
breadth but not in thickness, till it is at last embedded in 
the substance of the jaw itself ; the lower portion has no 
enamel. 

The appearance the teeth put on, as well as the mode of 
growth, will be seen in the annexed drawing; [PI. xx.] the 
change that takes place in the form of the tooth as it wears 
away from long use, is nftre remarkable than in most other 
teeth ; for the perfect tooth has a tolerably sharp enamelled 
point, while the half worn one has a curved blunted cutting 
edge. The teeth in front of the jaw are more like the inci- 
sores in other animals. The whole number in both jaws is lao, 
which exactly corresponds with that given hy Dr. Roxbuegh, 
and identifies these jaws as belonging to the animal which 
Ibe has described. 
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Explanation of Plate XX. 

Fig. 1. A side view of the upper jaw, to show the form of 
the teeth. 

Fig. s. The same view of the under jaw. Both these figures 
are on a scale of 4 inches to a foot. 

Fig. 3. One of the most perfect of the teeth, of its natural 
size ; it is taken from the lower jaw. 

Fig. 4. A tooth in its growing state, represented of the 
natural size, from the lower jaw. 
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XXn. Description of an add principle prepared from the lithic 
or uric acid. By William Prout, M, D. Communicated by 
W. H. Wollaston, M D. R R, S. 

Read June ii, 1818. 

During an investigation of the principles of the urine, with 
the view of elucidating the pathology of that secretion, I was 
led to examine the well-known beautiful purple substance 
produced by the action of the nitric acid and heat upon the 
lithic acid, and which has usually been considered as one of 
the characteristic distinctions of the lithic acid. This purple 
substance proved to be a compound of ammonia, and a pecu- 
liar principle having the properties of an add ; the description 
of which, and of its compounds, constitutes the object of the 
present paper. 

This acid principle may be obtained by digesting pure 
lithic acid in dilute nitric add : an effervescence takes place, 
and the lithic acid is dissolved. The excess of nitric acid is 
then to be neutralized with ammonia, and the whole slowly 
concentrated by evaporation. As the evaporation proceeds, 
the colour of the solution gradually beoames of a deeper 
purple, and dark red granular crystals (sometimes of a 
greenish hue externally) soon begin to separate in abun- 
, ^ce. These crystals are a compound of ammonia with the 
m q[uesti<aj. The ammonia may be removed 
' add,. and thus; the add. principle 

however,; found some 
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little care requisite to obtain the acid quite free from colour, 
it may not be deemed superfluous to state the precise method 
I usually followed for that purpose. The compound with 
ammonia, above-mentioned, was dissolved in a solution of 
caustic potash, and heat applied to the solution till the red 
colour entirely disappeared. This alkaline solution was then 
gradually dropped into dilute sulphuric acid, which uniting 
with the potash, left the acid principle in a state of purity. 

The acid principle is likewise produced from lithic acid by 
chlorine. Iodine has also the same remarkable property, 
though in a much less striking degree. When lithic acid is 
boiled with iodine for some time, a partial solution of the 
lithic acid is effected ; and if to this solution a little ammonia 
be added, and the whole evaporated to dryness, a perceptible 
quantity of the beautiful purple compound of ammonia and 
the new acid principle will be obtained. I am not aware that 
any other substance is capable of producing this change, 
though the circumstance is by no means improbable. 

To prevent circumlocution, I shall in future call this prin- 
ciple the purpuric acid, a name suggested by Dr. Wollaston, 
from its remarkable property of forming compounds with 
most bases of a red or purple colour. 

The purpuric acid, as obtained above, usually exists in the 
form of a very fine powder, of a slightly yellowish or cream 
colour; and when examined with a magnifier, especially in 
water, appears to possess a pearly lustre. It has no smell 
nor taste. Its specific gravity is considerably above that of 
water, though from the minute state of division in which it 
exists, it usually takes a consideraMe time to subside in that 
fluid. :^hen suflfered to separate slowly from a lalrge quantity 
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of water, or any other fluid capable of holding it in solution, 
it sometimes assumes the form of tliin pearly scales. 

The purpuric acid is very little soluble in water. One tenth 
of a grain boiled for a considerable time in looo grains of water 
was not entirely dissolved. The water assumed a purple 
tint, which it retained after it was cold, though it became 
very slightly turbid on cooling.^ The purpuric acid is inso- 
luble in alcohol and ether. In all the mineral acids, when 
concentrated, and in excess, and in solutions of the different 
alkalies, it dissolves readily ; but it is insoluble, or nearly so, 
in dilute sulphuric, muriatic, and phosphoric acids, and also 
in solutions of the oxalic, citric, and tartaric acids. Concen- 
trated nitric acid readily dissolves it with effervescence ; and 
if the acid be in excess, and heat be applied, a portion of the 
purpuric acid is decomposed, ammonia is formed, and on 
driving off the excess of nitric acid by heat, the purpurate of 
amitipnia is obtained, precisely as if a little of the lithic acid 
had been treated in a similar manner. Chlorine, likewise, 
dissolves the purpuric acid, and apparently produces the 
same changes upon it as the nitric acid. It readily dis.solves 
also by the assistance of heat, in concentrated acetic acid. 
The purpuric acid does not sensibly affect litmus paper, 
probably on account of its insoluble nature. When exposed 
to the air it does not deliquesce, but gradually assumes a 
purplish tint, apparently by attracting a little ammonia from 

not quite sure whether the purple tint here mentioned depends upon the 
of a minute portion of the purpuric acid j and, consequently,; wheUjer 
iM>ludon,or whether, the' colour be cwing 'to. the 'formation 
' , ; ^,i,w^^p^i^"ix(nij&e''4e«oaipoi«t^ of a minute .proportion pf the .acid, which, 

of ammonia. I 
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the atmosphere, or perhaps from the evolution from itself of 
a little of the same alkali by spontaneous decomposition. 

Submitted to heat, it neither melts nor sublimes, but 
acquires a purple hue from the formation of ammonia, and 
afterwards burns gradually, without yielding any remarkable 
odour. Subjected alone to heat in close vessels, it yields a 
considerable proportion of the carbonate of ammonia, some 
prussic acid, and a little fluid having an oily appearance; 
while a portion of pulverulent charcoal remains. When 
given quantities were burnt with the oxide of copper, in the 
manner formerly described by me,* data were obtained, 
which appeared to show that one hundred parts consist of 
Hydrogen 4.54, corresponding with 2 atoms or proportions. 


Carbon 27.27 — 2 ditto. 

Oxygen 36,36 a ditto. 

Azote 31.81 ■ 1 ditto. 


The purpuric acid combines with the alkalies, alkaline 
earths, and metallic oxides. It is capable of expelling the 
carbonic acid from the alkaline carbonates, by the assistance 
of heat, and does not, as far as I have observed, combine 
with any other acid. 'These are circumstances sufiicient, as 
Dr. Wollaston has observed, to distinguish it from an oorzdfe, 
and to establish its character as an acid. On the supposition 
then, that it be named the purpuric acid, its compounds with 
different bases must be denominated ; on some of 

the most remarkable of which I shall now proceed to make 
a few remarks. 

Purpurate of ammmia. This salt crystallizes in quadran- 
giflar prisms, which, when viewed by transnutted light, are 

See Medico-Chlnittxical TransactioBs, Tol. viii. p. 526. 
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transparent, and of a deep garnet red colour; but by reflected 
light, their two broadest opposite faces appear of a brilliant 
green, closely resembling that of the wings of some of the 
beetle tribe, as for example, of the Cetonia aurala, while their 
other two opposite faces appear of a dull reddish brown colour ; 
or if the light be very strong, slightly green. This pecu- 
liarity seems to be possessed in a greater or less degree by all 
the other alkaline, and perhaps earthy salts ; and doubtless 
depends upon the structure of the crystals. The purpurate 
of ammonia is soluble in about 1500 parts of water at 60°, but 
in boiling water is much more soluble. The solution is of a 
beautiful deep carmine, or rose red colour. In pure alcohol and 
in ether, it is little if at all soluble. The aqueous solution has 
a slightly sweetish taste, but no smell. By adding this aqueous 
solution of the purpurate of ammonia to neutral saline solutions 
ofother bases, most of the following purpurates were formed. 

Purpurate of potash. When a satprated boiling solution of 
the purpurate of ammonia is added to a solution of the bicar- 
bonate of potash, a dark brownish red precipitate takes place, 
which is the purpurate of potash. If, however, this salt be 
slowly formed, it may be obtained in a crystalline form ; and 
the crystals appear to possess the same peculiarity with 
respect to colour, as those of the purpurate of ammonia 
above-mentioned. This salt is much more soluble than the 
purpurate of ammonia. 

J Purpurate soda. This salt, when obtained by the same 
as the jpurpurate of potash, is of q dark brick red 
however obtained ip crystals. , Itismuch 
,of .potash,. .{Th*^ thousand 

, dissolve 
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it. The colours of the solutions of this salt, and of potash, 
differ slightly from one another, and also from that of the 
purpurate of ammonia ; but it is not easy to describe these 
differences so as to render them intelligible. 

Purpurate of lime. This salt, when obtained by adding a boil- 
ing saturated solution of the purpurate of ammonia to a solu- 
tion of the muriate of lime, exists in the form of a powder 
much resembling in colour the crust of the lobster before it 
is boiled. This salt is but little soluble in cold water ; but in 
boiling water it is more soluble, and the solution is of a 
beautiful reddish purple colour. 

Purpurate of strontian. This salt obtained as above, with the 
nitrate of strontian, exists in the state of a dark brownish red 
powder, with a slight tinge of green. It seems to be more solu- 
ble than the purpurate of lime, and forms a purple solution. 

Purpurate of harytes. Obtained as before described, with 
the acetate of barytes, this salt assumes the form of a dark 
green powder, not apparently differing much in point of 
solubility from the purpurate of strontian ; and forming, like 
that salt, a purple solution. 

Purpurate of magnesia. This is a very soluble salt. Its 
solution is of a beautiful purple. 

Purpurate of alumina. When a solution of the purpurate of 
ammonia was added to a solution of alum, no perceptible 
change took place immediately ; but after so:i(|p time the 
colour of the solution disappeared, and a small quantity of a 
white substance separated, which was presumed to be the 
purpurate of alumina, but it was not examined. 

Purpurate of gold. When a solution of the muriate of gold 
w dropjwd into a solution of the purpurate of ammoniai tlte; 
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colour becomes yellowish, but no precipitation takes place. 
Hence, this salt may be presumed to be very soluble. 

Purpurate of platina. The muriate of platina chanj^os the 
colour of the purpurate of ammonia to a yellowish scarlet, 
but produces no precipitation. 

Purpurate of silver. Solutions of the acetate or nitrate of 
silver, dropped into a solution of the purpurate of ammonia, 
produce a deep purple precipitate ; and the water is left 
nearly colourless. Hence the purpurate of silver appears 
very insoluble, 

Purpurate of mercury. A solution of the proto-nitrate of 
mercury produces, with the purpurate of ammonia, a beautiful 
reddish purple precipitate, and the water is left nearly 
colourless. A solution of the oxy muriate of mercury pro- 
duces at first no change ; hut after some time a copious light 
rose coloured precipitate occurs^ and the solution is left 
colourless* . 


Purpurate (f lead. A solution of the nitrate of lead, dropped 
in a solution of the purpurate of ammonia, renders it of a 
rose red colour ; but no precipitation takes place. 

Purpurate of zinc. A solution of the acetate of zinc 
produces with the purpurate of ammonia, a solution and 
precipitate of a beautiful gold yellow colour? and a most 
brilliant iridescent pellicle, in which green and yellow pre- 


dominate, :^ms on the surface of the solution. 

- Purpur-ate of tin. A solution of the muriate of tin changes 
purpurate of ammonia to a scarjiet ; but this rapidly dissf 

colourless. After a few 
abundance,, 'Which is the 
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Purpurate of copper. A solution of the acetate or sulphate of 
copperchanges the purpurate of amnnionia to a bright yellowish 
green colour, but produces no precipitation. 

Purpurate of nickel. The nitrate of nickel imparts to the 
purpurate of ammonia a greenish tinge, but produces no 
precipitation. 

Purpurate of cohalt. The acetate of cobalt changes the 
colour of the same salt to a pale scarlet. After some time, 
reddish granular crystals form, which are the purpurate of 
cobalt. 

Purpurate of iron. A solution of the green sulphate of iron 
changes the colour of the purpurate of ammonia to yellowish 
red, but produces no precipitate. 

Such is a very brief account of the purpurateSt as far as I 
have examined them. It may at first sight appear singular, 
that such an insoluble acid should form so many soluble 
compounds ; but when we reflect upon the subject, and con- 
sider what a very small quantity of the purpurate of ammonia 
is retained in solution by water, and that this small quantity 
has been made the standard of comparison in the above 
experiments, our surprize is considerably lessened, and we 
feel no difficulty in conceiving, that if the purpurates were 
compared with the nitrates, for example, the former would 
be found by far the least soluble. 

From the very small quantities on which I have been 
obliged to operate, and from other circumstances, I can 
offer but little respecting the constitution of the purpu- 
rates. Those which I have attempted to analyze appear 
to be anhydrous, and to be composed of two atoms of 
the acid, and one of the base; and if this be correct, the 
MDcccxyiii. S K 
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same composition may perhaps be referred to most, if not all 
the compounds above mentioned. The purpuric acid, however, 
appears capable of forming siib.salts and supersalts, with 
most bases, many of which seem to bo very little soluble. 

With respect to the characteristic properties of the pur- 
puric acid, I apprehend it may be readily distinguished from 
all other substances by the beautiful colours exhibited by its 
alkaline and earthy salts, independently of its other properties, 
which are likewise peculiar. 

The purpuric acid, and its compounds, probably constitute 
the basis of many animal and vegetable colours. The well 
known pink sediment, which generally appears in the urine 
of those labouring under febrile aftections, appears to owe its 
colour chiefly to the purpurate of ammonia, and perhaps 
occasionally to the purpurate of soda. Some of the purpu- 
rates, as for example that of lime, might be probably used 
as a paint They might be also used for dying, especially 
wcKsl eni other animal productions,* On this part of the 
subjeetj^ however, as I have little that is certain to offer, I do 
not deem it prudent to enter at present. 

* I may here observe, that the solution of Uthk addin nitric acid, has the pro- 
party ef tinging the iMn and other animal substances in a very permaiienii; manner. 
The colour does not, in geneial, appear tiU the substance has been exposed to heat, 
or what is more effective, to thclight of the sun. In the latter case, particularly, a deep 
purple tint soon makes its appearance, and the substance tinged (more especially the 
; etmts during the process a strong and peculiar smell, closely resembling that 
l^ced^b^ nitrate silver, tndten applied todse skin, and cxpMcd to skiihir 
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XXIII. Astronomical observations and experiments ^ selected for 
the purpose of ascertaining the relative distances of clusters of 
stars, and of investigating how far the power of our telescopes 
may he expected to reach into space, when directed to ambiguous 
celestial objects. By Sir Williaui Herschel, Knt. Guelp. 
LL.D. F. R. S. 


Read June ii, i8i8. 

In ray last paper on the local arrangement of the celestial 
bodies in space, I have shown how, by an equalization of the 
light of stars of different brightness, we may ascertain their 
relative distances from the observer, in the direction of the 
line in which they are seen ; and from this equalization, a 
method of turning the space-penetrating power of a telescope 
into a gradually increasing series of gaging powers has been 
deduced, by which means the profundity in space, of every 
object consisting of stars, can be ascertained, as far as the 
light of the mstrument which is used upon this occasion wil]i 
reach. This method has already been applied to fathom the 
milky way, and may with equal propriety be used to ascertain 
the profundity of globular and other clusters of stars in 
space ; I shall therefore make use of some of the numerous 
observations, contained in my journals and sweeps of the 
heavens, to show how the distances of these objects may be 
obtained ; and shall also attempt to represent their situation 
hi space by a figure, in which their distances are made pro* 
pMonal to the diameter of a globukr ap^e, sufficiently large 
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to contain all the stars that in the clearest nights are visible 
to the eye of an observer. 

I. Of the distance of globular and other clusters of stars. 

In observations which are made for ascertaining the dis- 
tance of a cluster of stars, it is necessary that the gaging 
power should be marked, which will just make some of the 
stars belonging to it visible in the telescope that is used for 
this purpose. If the cluster is of a globular form, but is not 
insulated, the stars that belong to it may be easily distin- 
guished from those which may happen to be scattered about, 
or upon it. In clusters of a different construction, the com- 
pression, or the apparent size of the stars, must direct the 
observer. 

It is to be remarked, that neither the brightness, nor the 
diameter of the clusters of which the distance is to be ascer- 
tained, are to be considered : some of them are bright enough 
to he perceived by the eye ; others are visible in the finder of 
the telescope, and many of them can only be seen in the 
telescope itself. These are circumstances that have no in- 
fluence on the exactness of the result of the gaging power ; 
but as they regard our knowledge of the construction of these 
magnificent sidereal systems, an abridged account of them is 
givebj. with the observations by which their profundity in space 
is ascertained ; and in the arrangement of these observations, 
i' have followed the order of the space-penetrating power of 
l^ ittstrutnents by which they were made. 

the examination of celestial objects, ;J;^h^^ 

■ expressiona resolyahlej;. or. easily 
;; not decide 
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whether they belonged to the class of nebulse, properly so 
called, or whether they might not consist of an aggregation 
of stars, at too great a distance from us to be distinctly' per- 
ceived ; but it is evident that the distance of a cluster of stars 
cannot be ascertained, as long as it remains doubtful whether 
the object consists of stars ; and that, consequently, their first 
perceptibility must be the gaging power by which its profun- 
dity in space is to be ascertained. 

II. A series of observations of clusters of stars, from which the 
order of tluir profundity in space is determined. 

Observation of the ^th cluster of stars in the vith class of my 
catalogues of celestial objects.* 

“ 1784, so feet telescope, power 157. An excessively faint 
« cluster of stars, intermixed with resolvable nebulosity, 8 or 
*‘10 minutes in diameter. The stars are so small that they 
“ cannot be seen without the greatest attention ; 240 verified 
“ it beyond all doubt. I have suspected many such in this 
“ neighbourhood.'^' 

At the time of this observation, the 20 feet telescope was 
of the Newtonian construction, and its power to penetrate 
into space was 61.18 times that of the eye, which it has been 
shown can see stars of the leth order i-f and since it appears 
from the foregoing observation, that with this power the 
telescope could but just reach the stars of the cluster, we may 
conclude that its profundity in space cannot be less than of 
the 734th order. \ 

. * For these catalogues, see Phil. I'rans. for 1786, page 471 5 1789, page 226, and 

i?oa, p. so3«. ■ • 

f Phil. Trans, for 1817, page 317. 
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Observation of the glh cluster in the vith class, 

“ 1784, 20 feet telescope. A large cluster of cseeediiigiy 
“ small, and compressed stars, about 6* or 7 ^ninutes in 
“ diameter ; a great many of the stars arc visible, the rest so 
“ small as to appear nebulous ; those that are visible arc of 
one size, and are scattered all over equally. The cluster is 
“ of an irregular round form.’* 

The profundity of the cluster by this observation is of tlie 
734th order. 

Observation of the loih cluster in the yith class. 

“ 1784, so feet telescope. A very compressed, con- 
“ siderably large cluster of the smallest stars imaginable; 

“ all the stars are of a dusky red colour. This cluster is the 
“ next step to an easily resolvable nebula,” 

The ruddy colour of the stars is probably owing to its low 
situation ; the profundity of the cluster is of the 734th 
' order. ■; 

Observation of the 1 ith cluster in the yith class. 

“ i 7 ® 4 » telescope. A cluster of stars, which, in 

“ respect of the size of the whole as well as the distance and 
“ magnitude of the stars, is a good miniature of the sgth of 
** the connoissance observed a few minutes ago. The stars, 
like tho^ of the foregoing cluster, preserve a faint red 
** tint. It may be called the next step to an easily resolvable 
I* H^ula. It is about i|- or a minutes in diameter.’* 

' ^|fe prerfund^ cluster cannot be much lep: thun k 

■ precedmg,bwoich;df ihe milky 
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■ Ohservation of the \^th cluster in the \ith class. 

“ 1784, 20 feet telescope. This cluster of stars is another 
** miniature of the 19th of the connoissance, but rather coarser 
“ than my nth cluster.” 

The profundity of the 19th of the connoissance being of the 
344th order, this cluster, as rather a coarse miniature of it, 
may be of the 46^th order ; it is in the preceding branch of 
the milky way. 

Observations of the i>jth cluster in the vith class. 

1784, 17855 so feet telescope. A very rich duster of 
“ very compressed and extremely small stars ; 4 or 5 
“ minutes in diameter.” 

This cluster is probably of a profundity of about the 600th 
order. It is in the preceding branch of the milky way. 

Observations of the Qoth cluster in the vith class. 

“ 1785, 1786, 20 feet telescope. Considerably bright, 
“ irregularly round, 8 or 9 minutes in diameter;, a great 
“ many of the stars are visible, so that there can reihain no 
“ doubt of its being a cluster of the most minute stars 
“ imaginable.'*' 

The profundity of this cluster cannot be less than of the 
734th order. It is near the south pole of the milky way. 

Observation of the st6th cluster in the vph class. 

“ 1786, so feet telescope. A very faint cluster of very 
‘ ‘ compressed extremely ' small stars j near 4 minutes in 

“^"'diiaiaeter.”^ iv ...-r ^ . o- 

The so feet felescdjpe behTg* of the construction of tfte' 
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front view, and having a gaging power of 75.08 gives the 
profundity of this cluster of the <3iooth order. It is in the 
milky way. 

Observation of the $5th duster in the viih dass* 

“ 1788, 20 feet telescope. A .small cluster of very faint, 
" exceedingly compressed stars, about 1 minute in diameter ; 
“ the next step to an easily resolvable nebula." 

The profundity of this cluster is of the 900th order ; it is 
in the milky way. 

Observation of the $Sth cluster in the vith class, 

“ i79t, so feet telescope. Considerably bright, small, of 
“ an irregular figure ; easily resolvable : some of the stars 
“ are visible." 

The profundity of this cluster is of the 900th order. It is 
in the milky way . 

Observation of the ^^tst cluster in the vUh doss, 

“1797, 20 feet telescope. Round, resolviible, about g 
“ minutes in diameter j very gradually brighter in the 
“ middle, I suppose it to be a cluster of extremely com- 
« pressed stars ; gao confirms the supposition, and shows a 
“ few of the stSrs : it must be immensely rich." 

Th< prbfundity of this cluster is of the gboth order. 

; : Observation of the 6srd cluster in the ivth dass. 

murid, very gradually muchbrighte^ 
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The profundity of this cluster must be at least of the gooth 
order. 

Observations of the 1st of the connoissance des temps. 

1783, 1794, 7 feet telescope. With 287, light without 
stars." 

“ 1805, 1809, 10 feet telescope. It is resolvable. There 
“ does not seem any milky nebulosity mixed with what I 
" take to be small lucid points." 

“ 1783, 1784, 1809, so feet telescope. Very bright, of an 
“ irregular figure ; full 5 minutes in the longest direction. I 
“ suspect it to consist of stars.” 

“ 1805, large 10 feet telescope. With sso the diameter 
** is 4' o"; with this power and light it is what must be 
“ called resolvable.” 

As all the observations of the large telescopes agree to call 
this object resolvable, it is probably a cluster of stars at no 
very great distance beyond their gaging powers ; its profun- 
dity may therefore be of about the 980th order. It is near 
the milky way. 

Observations of the sand cf the emndissancei 

** 1799, 7 feet finder of the telescope. It is visible as a 
** star. 1810, it may just be perceived to have rather a 
** larger diameter than a star." 

1783, a feet sweeper. It is like a telescopic comet." 

“ 1794 (» 7 telescope. With 287 I can see that it is a 
‘V cluster of stars^ many of them being visible." , 

“ 1810, 10 feet telesccipe* . A beautiful bright object." 

** 1784, 1785, i8o», so feet telescope* .A cluster of yery 
“ compressed exceedingly small 
i MDcbcxviii. 3 L 
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“ 1805, 1810, large 10 feet telescope. Its diameter witfi 
“ 108 is 4/ 59"; with 171 and aeo, it is f>* o"." 

« 1799, 40 feet telescope, A globular cluster of stars.”* 

By the observation of the 7 feet telescope, which has a 
power of seeing stars that exceeds the power of the eye to 
see them 20.S5 times, the profundity of this cluster is of the 
S4^rd order. 


Observations of the ^rd of the connoissance. 

“ 1813, 7 feet finder. It is at a small distance from a star 
of equal brightnesis ; the star i.s clear, the abject is hazy, 
“ and somewhat larger than the star." 

” 1783, 7 feet telescope. With 460 the light is so feeble 
“ that the object can hardly be seen j I suspect some stars in 
“ it. 1813, with 80, many stars are visible In it." 

“ 1799, 10 feet telescope, power lao; with an aperture of 
4 inches it is resolvable; with 5 easily resolvable; with 6' 
“ it is resolved ; with 7 and all open the stars may bo easily 
“ per^ived." 


“ 1784, 1785, ao feet telescope. A beautiful globular 
“ cluster of stars, about s or 6 minutes in diameter." 

“ 1810, large Wiidi 171 the diameter 

By the observation of the 7 feet telescope this cluster must 

\:>be; of4h«; a^^rd- order. V 


Observations of the 4 ith of the connoissance, 

^8|;, ib fdet telescqpei^ All resolved into starsi; l ean 
|^kl.inuh?ber,;6f, them, while others- esCd^ the eye 

1S14, p«ge *74. 
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“ 1783, small 20 feet telescope. All resolved into 
“ stars.” 

“ 1784, 20 feet telescope. The cluster contains a ridge of 
“ stars in the middle, running from south preceding to north 
“ following.” 

The 10 feet telescope having a power to show stars ex- 
ceeding that of the eye 28.67 times, gives the profundity of 
this cluster of the S44th ord r. 

Observations of the 5th of the connoissance. 

“ 1813, 7 feet finder. It is near a star of equal bright- 
“ ness ; the star is clear but the object is hazy." 

“ 1783, 7 feet telescope. It consists of stars ; they are 
“ however so small that I can but just perceive some, and 
“ suspect others. 1810, the globular figure is visible.” 

“ 1783, 10 feet telescope. With 600, all resolved into 

stars.” 

“ 1785, 1786, 20 feet telescope. A very compressed 
“ cluster of stars, 7 or 8 minutes in diameter; the greatest 
“ compression about 2 or 21* minutes.” 

“ 1791J 4P telescope. With 370 the stars about the 

centre are extremely compressed.” 

The profundity of this cluster, by the observation of the 7 
feet telescope, is of the 24srd order. 

Observations of the gth of the connoissance, 

t783» to feet telescope, power 230. I see several stars 
** in it ; and have no doubt a higher power and more light will 
« resolve it all into stars.” ; 
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« 1784, 1786, »o feet telescope. A cluster of extremely 
“ compressed stars ; it is a miniature of the 5$d.'* 

By the observations of the 10 feet the profundity is at least 
of the 344th order. It is in the preceding branch of the 
milky way. 


Observations of the toth of the connoissance. 

“ 1783, 7 feet telescope. With 227 1 suspected it to consist 
of stars; with 460 1 can see several of them, but they are too 
small to be counted." 

1784, 1791, 20 feet telescope. A beautiful cluster of 
extremely compressed stars ; it resembles the 33d; and the 
most compressed part is about 3 or 4 minutes in diameter." 

The profundity of this cluster, by the observation of the 
7 feet telescope, is of the 243d order. 


Observations of the nth of the connoissance. 


** i799, 10 feet jRnder. The cluster is visible ; and, directed 
by neighbouring stars, it may be seen by the eye." 

“ 1783, 1799, 10 feet telescope. Power 300, With 3 inches 
** of aperture, the small stars are not to be distinguished; 
“ with 4 inches I can see them." 


‘*1803, 1810, large 10 feet telescope. The cluster is of 
« an irregular form, from 9 to 12 minutes in diameter." 

The 10 feet telescope with an aperture of 4 inches, had a 
gaging power of 12*02; the profundity of this cluster is thcre- 
^re of the 1441^ order. It is In the milky way. 





th^pfthe connqissam, 
tte object i# visible in it. 
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** 1783, 1799, 10 feet telescope. With 120, and an aper- 
“ ture of 4 inches, easily resolvable; with 5 inches, stars 
“ become visible; with finches, pretty distinctly visible; and 
“ with all open, the lowest power shows the stars.’* 

“ 1785, 1786, 20 feet telescope. A brilliant cluster, 7 or 
“ 8 minutes in diameter ; the most compressed parts about s 
" minutes.” 

With an aperture of 5 inches the 10 feet telescope had a 
gaging power of 15.53 ; and this cluster is consequently of a 
profundity of the 186th order. 

'f 

Observations of the i^th of the connoissance, 

“ 1799, 1805. It is very plainly to be seen by the eye." 

“ 1799, 7 feet finder. Very visible." 

“ i 783 > 7 feet telescope. With 237 plainly resolved into 
“ stars.” 

“ 1799 > 10 feet telescope. With an aperture of 4 inches 
“ the stars cannot be distinguished ; with 9 inches, very 
“ beautiful." 

“ 1787, 1799, ao feet telescope. The stars belonging to 
« the cluster extend to 8 or 9 minutes in diameter; the most 
“ compressed part about 3 or sf; the latter is round, the 
“ former irregular.” 

** 1805, large 10 feet telescope, A brilliant cluster all 
“ resolved into stars.” 

By the observation of the 7 feet telescope, the profundity 
of this cluster is neatJy of the 3436 ordqr. 
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Observations of the i^ftk of the coamhsmce. 

1783, 7 feet telescope. With 227, there is a strong .suspi- 
cion of its consi.sting of stars. 

"1783, 1784,, 17,91, 1790, 20 feet telescope. Extremely 
“ bright, round, easily re.solvablc ; with 300 I can .see the 
“ stars. The heavon.s are f)retty rich in .stans of a certain 
“ size, but they arc larger than those in the clu.stcr, and 
“ easily to be distingui.shed from them. The clu.ster i.s con.si- 
“ derably behind the scattered .stars, as some of them arc 
“ projected upon it." , 

From the obsservations of the ao feet telescope, winch in 
1791 and 1799 power of di.scerning stars 75.08 times 

as far as the eye, the profundity of this cluster must be of 
the 900th order. 

Observations the iQth of the connoissance, 

‘•f 1799. It is visible to the eye." 

**1783, 1794, 7 feet telescope. With 378 the stars of the 
" cluster may be seen." 

" 1799, 10 feet telescope. With an aperture of 4 inches, 

no trace of stars is visible. 1817, with an aperture of 4.56 
‘^ inches, which gives a gaging power of 14, it appears like a 
" nebulous patch, gradually brighter in the middle} with a 
“ gaging power of 18^ the hazy border of it is larger; with 
« j 8, the whole of it much larger and brighter} with so, 
*| rpsolv^ble ; and with 23 , the stars are visi^^^ 

1787* 'ao^:^t^;tetescop#;' A globular ..cluster 

in dlaiheter," - , " ; ' ' ' 

..Tl^^iapeterf.with 171, 
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“ is full 4' 30", and taking in the stars that probably belong 
“ to it, it is 6' 45".” 

By the observation of the 7 feet telescope, the profundity 
of this cluster is of the 243d order. 

Observations of the igtk of the connoissance. 

“ 1783, 10 feet telescope. With 250, 1 can see 5 or 6 
“ stars, and all the rest appears mottled like other objects of 
“ this kind, when not sufficiently magnified or illuminated.” 

1784, 20 feet telescope. A cluster of very compressed 
“ stars, much accumulated in the middle ; 4 or 5 minutes in 
“ diameter.” 

By the observation of the 10 feet telescope, the profundity 
of this cluster is of the 344th order. It is in the preceding 
branch of the milky way. 

Observations of the of the connoissance. 

“ 1783, 7 feet telescope. 460 has not light enough to show 
“ it; with 227, 1 see it very imperfectly.” 

“ i8ot, 10 feet telescope. With 600 it is a cluster of stars.” 

” 1783, small 20 feet telescope. With 350, all resolved 
“ into stars.” 

“ 1784, 20 feet telescope. An extensive cluster of stars.” 

“ tStb, large 10 feet telescope. The stars are condensed 
“ in the middle. The diameter is 8' 0"; the greatest conden- 
“ sation is about 4' o".” 

By the observation of the 10 feet telescope, the profundity 
of this cluster must be nearly pf the 344th order. It is near 
the following biranch of the milky way. 
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Observations of the $oth of the conmissance, 

« 3794, 7 feet fijuler. It is but just visible, " 

« 1794, 7 feet telescope. It secm.s to be resolvable, but is 
too faint to bear a high power." 

“ 1810, 10 feet telescope. With 71, it appears like a 
** pretty large cometic tiebula, very gradually much brighter 
“ in the middle. 1783, with 250 it is resolved into very 
*< small stars.” 

1783, small so feet Newton IAN, la inch diameter. Power 
“ soo } it consists of very small stars ; with two rows of stars, 
“ 4 or 5 in a line.” 

" 1783, large ao feet Newtonian. Power 120; by a 
“ drawing of the cluster, the rows of stars probably do not 
“ belong to the cluster.” 

1784, 1785, 1786, ao feet tedescope, power 157. A 
“ brilliant elute.” 

4819, large 10 feet telesc^I^. With 171 and sao the 
“ diameter is 3" it is not round.” 

By the observation of the 10 feet telescope, the profundity 
of this cluster is of the 344th order. 

Observations of the 33d f the comoissance. 

; “ T799, 10 feet finder. It is visible as a faint nebula.” 

” ,3783, 1794, 7 feet telescope. With 75, it has a nebulous 
** appearance ; it will not bear 278 and 460, but with 120 it 
^ ^ i^tns to be composed of stars." 

'Ill 5 #^ ' 1840, ^jeaeope. ^ , 'The^brigh^t h 

are visibk.':^'' : 

^ .'Ibc'-condensation 
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“ of the stars is very gradual towards the middle ; but with 
“ the four powers 71, 108, 171, and 320, some nebulosity 
“ remains. The stars of the cluster are the smallest points 
“ imaginable. The diameter is nearly 18 minutes.*' 

The profundity of this cluster, by the observation of the 10 
feet telescope, must be of the 344th order. 

Observations of the Q^tk of the connoissance. 

“ 1799, 7 feet finder. It is visible.” 

“ 1783, 1794 » 7 feet telescope. A cluster of stars ; with 
“ 120, 1 think it is accompanied with mottled light, like stars 
*' at a distance.” 

1784, 1 786, 30 feet telescope. ’A coarse cluster of large 
“ stars of different sizes.” 

By the observation of the 7 feet telescope, the profundity of 
this cluster does probably not exceed the 144th order. 

Observations of the ^gth of the connoissance. 

1794, It is visible to the naked ^ eye as a very small 
“ cloudiness.” 

“ 1783, 1794, 1801, 1813, 7 feet telescope. It is a rich 

cluster of stars of various sizes.” 

“ 1806, 10 feet telescope. There is no central contraction 
“ to denote a globular form.” 

“ i 78 s> 1785* 20 feet telescope. A cluster of pretty com- 
« pressed large stars.” ‘ ' 

The profundity of this cluster does probably not exceed 
the 144th orderi It is in the milky way. 

MDoOcxvnr. IgM' 
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Ohsemaiions of the 53^/ of the t'onnotsaafiiv. 

“ 1813, 7 feet finder. It appears like a very small 
“ haziness.” 

“ 1783, 7 feet telescope. With 460 the object is cx- 
“ tremely faint. 1813, with 118 it is ca.sily resolvable, and 
“ some of the stars may be seen.” 

“ 1783, 10 feet telescope. With 250,1 perceive 4 or 5 
“ places that seem to consist of very small stars.” 

“ 1784, 1786, 20 feet telescope. A globular cluster of 
“ very compressed stars.” 

From the observation of the 7 feet telescope, it appears 
that the profundity of this cluster is of the a^sd order. 

Observations of the of tfui cormoissance. 

“ ^ 788 » small 20 feet telescope. With 250 fairly resolved 
“ into stars ; I can count a great many of them, while others 
“ are too close to be distinguished separately.” 

" 1784, 1785, 20 feet telescope. A rich cluster of very 
“ compressed stars, irregularly round, about 8 minutes 
“ long.” 

By the observation of the small 20 feet telescope, which 
could reach stars 38.99 times as far as the eye, the profundity 
of this cluster cannot be much less than of the 467th order : 

I have taken it to be of the 400th, 

I I : ; Observations of tke sOth of the connoissame, 

^ A strong suspicion of its being 

'Jr - '' ■ not resolve it ; 
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240 wants light : 350 however shows the stars, but the}^ 
“ are so exceedingly close and small that they cannot be 
counted.” 

“ 1784, 1807, 20 feet telescope. A globular cluster of 
" very compressed small stars about 4 or 5 minutes in dia- 
“ meter.” 

“ 1805, 1807, large 10 feet telescope. With 171 it is 3' 36" 
‘‘ in diameter.” 

The profundity of this cluster, by the observation of the 
10 feet telescope, must be of the S44th order. It is near the 
preceding branch of the milky way. 

Observations of the ^*jth of the connoissance. 

“ 1782, 7 feet telescope. T suspect it to consist of very 
small stars ; in the middle it seems to be dark.” 

“ 5783, 1805, 1806, 10 feet telescope. With J30 it seems 
“ to be a rim of stars, but with 350 there remains a doubt. 
“ It is a little oval ; the dark place in the middle is also oval; 
“ one side of the bright margin is a little narrower than the 
“ other."' ' 

“ ^784, 1799, 20 feet telescope. It is an oval with a dark 
place within ; the light is resolvable. 240 showed several 
“ small stars near, but none that seem to belong to it. It is 
“ near 2 minutes in diameter.” 

“ 1805, large 10 feet telescope. By a meridian passage of 
7 seconds of sidereal time, the diameter is i' 28".4.” 

By the observation of the 20 feet telescope, the profundity 
of the stars of which it probably consists must be of a higher 
than the 900th order ; jperhajps 950. 
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Ohscrvatmis of the 6‘2d of the coniioissancc. 

“ 1783, 10 feet telescope. With 2.50, a strong' suspicion, 
“ amounting almost to a certainty, of its consisting of stars.” 

“ 1785, 1786’, GO feet telescope. Extremely bright, round, 
“ very gradually brighter in the middle, about 4, or s minutes 
“ in diameter , 240 witli strong attention showed the .stars 
“ of it. The cluster is a miniature of tlie 3d of the con- 
“ noissance.' 

By the so feet telescope, which at t!ie time of these obser- 
vations was of the Newtonian construction, the profundity 
of this cluster is of the 734th order. It is in the preceding 
branch of the milky way. 

Observations of the 6 ylh of the connomance. 

” 1783, 7 feet telescope. A cluster of stars.^' 

" 1803, 10 feet telescope. A cluster of very small stars.” 

“ 17B4, so feet telescope. A most beautiful cluster of 
“ stars ; not less than aoo in view.” 

By estimation, the profundity of this cluster may be of the 
144th order. 

Cihservattons of the B^th qf the connoissance. 

“ 178$, 1789, 1790, 30 feet telescope. A cluster of very 
‘^ compressed small stars, about 3 minutes broad and 4 
. ‘V minutes long. The stars are so compressed, that most of 
; blended , together. ” 

stars of this duster might be perceived by , a 
profundity ' may be. of the S44th 
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Observation of the Sgth of the connoissance. 

“ 1784, 30 feet telescope. Very bright, pretty large, easily 
“ resolvable, or rather an already resolved cluster of minute 
“ stars. It is a miniature of the 53d of the connoissance." 

By this observation, the profundity of the cluster must be 
of the 734th order. 

Observations of the 'jist of the connoissance. 

“ 1794, 7 telescope. With 120 and 160 the stars of it 
“ become just visible." 

“ 1783, 1799, 1810, 10 feet telescope. A cluster of stars 
“ of an irregular figure." 

“ 1784, 1799, 1807, 30 feet telescope. It is situated in the 
“ milky way, and the stars are probably in the extent of it; 
“ it is however considerably condensed ; about 3 minutes in 
“ diameter.” 

“ 1805, large 10 feet telescope. An irregular cluster of 
“ very small stars, 2' 35'^ in diameter.” 

By the observation of the 7 feet telescope, the profundity 
of this cluster is of the 243d order. It is in the following 
branch of the milky way. 

Observations of the. of the connoissance. 

1805, 7 feet telescope. With a power of 80 the stars 
“ may just be perceived." 

“ 1783, 1810, IP feet telescope. With 150 fairly re- 
“ solved." 

“1784, 1788, ao feet telescope, A cluster of very small 
“ stars.” 
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“ 1810, large lo feet telescope. A globular duster; its 
“ diameter is 3' 40''*” 

“ 1810, 40 feet telescope. A beautiful cluster of .stars.” 

By the ob.scrvatioa of the 7 feet telescope, the profundity of 
this cluster must be of the e43d order. 

Observations of the y^lh of the connoissance . 

1783, 1784, 7 feet telescope. With 100 and 130 it is a 
** collection of very small stars; I see many of them.” 

“ i 799 > 1801, 10 feet telescope. Several of the stars are 
“ visible ; it is a very faint object.” 

“ 1784, so feet telescope. Some stars are visible in it ; 

“ the edge.s are not resolvable.” 

“ 1805, 1810, large 10 feet tele.scopc. With 108 it con- 
“ sists of extremely small star.?, of an irregular figure ; a 

very faint object of nearly 13 minute.s in diameter.” 

“ ^ 799 » 4 P feet telescope. Very bright in the middle, but 
« the brightness is confined to a very small part.” 

By the ob-sorvation of the 7 feet telescope, the profundity 
of the nearest part of this cluster must be of the 3431! order, 
but most probably a succession of more distant stars was 
seen in the larger telescopes. 

, Obseiyatms of the of the connoissance, 

t 7 S 9 > 7 finder. It is but just visible.** 

: 7 telescope* There is, not the least appearance 

-but it reserablcvs other clusters of 
. ' seen '..with ,lpw.- space-p^etrating 
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“1810, 10 feet telescope. With yi it is small and 
“ cometic.” 

“ 1784, 1785, 20 feet Newtonian. Easily resolvable; 
“ some of the stars are visible.” 

“ i8io, 20 feet front view. It is a globular cluster.” 

“ 1799, 1810, large 10 feet. Its diameter with 171 is 
“ 1' 48" ; with 220 it is o'^” 

By the observation of the 20 feet Newtonian telescope, the 
profundity of this cluster must be of the 734th order. 

Observations of the ^*jth of the connoissance. 

“ 1783, 7 feet telescope. An ill defined star, surrounded 
“ by nebulosity.” 

“ 1801, 1805, 1809, 1810, 10 feet telescope. It has 
“ almost the appearance of a large stellar nebula.” 

“ 1783, 1785, 1786, 20 feet telescope. Very bright; an 
“ irregular extended nucleus with milky chevelure, 3 or 4 
“ minutes long, near 3 minutes broad.” ^ 

“1801, 1805, 1807, large 10 feet telescope. A kind of 
“ much ipagnified stellar cluster ; it contains some bright 
“ stars in the centre. With 171 its diameter is 1' 17"; with 
“ 220 it is 1' 36".” 

From the observations of the large 10 feet telescope, which 
has a gaging power of 75.82, we may conclude that the pro- 
fundity of the nearest part of this object is at least of the 
910th order. 

ObservaUbns of the fgth of the cohnoitsance, 

“1783, 7 feet telescope. VVith 57 nebulous; with 86 a 
strong suspicion of its being stars.” 
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“ 1799, lo feet telescope. 300 shows the stars of it with 
“ difficulty." 

“ 1784, 20 feet telescope. A beautiful cluster of stars, 
“ nearly 3 minutes in diameter." 

“ 1806, large 10 feet telescope. A globular cluster, the 
“ stars of which are extremely compressed in the middle ; 
“ with 171 and sao the diameter is a' 50'', but the lowness of 
“ the situation probably prevents my seeing the whole of its 
extent." 

By the observation of the 10 feet telescope the profundity 
of the cluster is of the 344th order. 

Observations of the Both of the connoissance, 

“ 1784, 1786, so feet telescope. A globular cluster of 
” extremely minute and very compressed stars of about 3 or 
“ 4 minutes in diameter; very gradually much brighter in 
“ the middle ; towards the circumference the stars arc 
“ distinctly to|(p seen, and are the smallest imaginable." 

The profundity of this cluster is probably not much less 
than of the 734th order. 

Observations of the gad of the connoissance. 

“ 7 finder. It may just be distinguished ; it is 

** but very little larger than a star/* 

“ ■» 783V a feet sweeper. With 15 it appears like a clouded 
star." . . ■ ' . 

/ “ 1783, 7 With S 37 resolved into very 

|^||||.:ai^rsi vfiih 4160 lean count many of them/* 

^ ^ With ^ the 'stars 'am , much 
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** 1783, 1787, 1799, telescope. A brilliant cluster; 

“ about 6 or 7 minutes in diameter.” 

“ 1805, large 10 feet telescope. The most condensed part 
“ is 3' 16" in diameter.” 

The profundity of this cluster, by the observation of the 7 
feet telescope, is of the 343d order. 

Observations of the Q^th of the connoissance. 

“ 1799, 7 feet finder. The object is not visible in it.” 

“ 1789,30 feet telescope ; considerably bright, globular, 
“ of equal light throughout, with a diminishing border of no 
“ great extent. About 3 minutes in diameter.” 

“ 1805, large 10 feet telescope. The constellation being 
“ too low it had the appearance of a faint nebula.” 

From the observation of the so feet telescope, it appears 
that the profundity of this object is beyond the gaging power 
of that instrument ; and as it must be sufficiently distant to 
be ambiguous, it cannot well be less than of the 980th 
order. .. 

Ill, Of a method to represent the profundity of celestial objects in 

space by a diagram. 

In order to represent the profundity of celestial objects in 
space, I shall have recourse to the construction of an astrono- 
mical globe, on the surface of which the situations of the 
heavenly b«>dieis are pointed out to us in the given two dimen- 
sions of right aseension and polar distance; but: as their 
distatnce from ah eye placed in the centre of the globe cannot 
be j^pressed by thw situation on the surface, I shall 
endq|vour to show that tMs defickncy may be artifick^l^; 

MDcccxyni. 3 N 
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supplied in a figure representing such a globe, by the addition 
of lines that are of a length which is proj[X)rtional to tlie 
diameter of it. 

It has been shown in my last paper, that all the stars which 
may be seen in the clearest nights, are probably contained 
within a globular space, of which the radius does not exceed 
the 13th order of distances ; I shall therefore suppose the 
circle tin the centre of fig. i, [.Plate XXI.^ to represent a 
celestial globe, containing all the stars that are generally 
marked on its surface ; their arrangement within this globular 
space, however, must be supposed to be according to their 
order of distances, the stars of the first order being placed 
nearest the centre, and those of the 3d, 3 d, and 4 th, &c. 
gradually farther off ; but they must all be placed in their 
well ascertained directions, so that a line from the centre 
drawn through any one of them may come to the surface at 
the place where its situation is marked. 

According to this assumption it follows, that all those 
celestial objects which are farther than the isth order of 
distances from the centre, must be represented as being at 
the outside of the globular space ; but as our celestial globes 
represent not only the situation of the stars of the heavens, 
but give us also many additional objects, such as clusters of 
stars, nebulas, and the milky way, it is evident that the point 
, whem the line of sight from the centre to any one of these 
distant objects, leaves the surface of the globular space,, is 
Jvand since any celestial object not insert^ on 
>fi^j^]tes|piwhidi:.'the.;righ^ 'ascension 'and^polar: distance 

add^, the 'position of -.'the ' visual, ray ■ 
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In my last paper I have drawn the attention of astronomers 
to the condition of the milky way, as being the most brilliant, 
and beyond all comparison the most extensive sidereal 
system ; and have also shown that the globular space con- 
taining all our visible stars, is situated within its compass ; I 
shall therefore now make the plane of it the principal dimen- 
sion of my figure ; then if the line a b represent this plane, a 
perpendicular drawn from the centre c of the figure to d and 
to e, will be directed towards the north and south poles of it, 
and the situation of the globular space in the figure will be 
like that of a celestial globe adjusted to the latitude of 30 
degrees, having the milky way in the horizon, the 190th 
degree of right ascension in the meridian, and the 60th 
degree of north polar distance in the zenith. 

From this description of the arrangement of the stars 
within the globular space, and its situation in the plane of the 
milky way, it is evident that, having already an expression 
for the position of a celestial object in two dimensions, the 
addition of the third, which is its profundity or central dis- 
tance, may be represented by a line of a length that is 
proportional to the diameter of the globular space; and if 
this line be a continuation of the direction in which the object 
is seen from the centre, its termination will show the real 
place of the object, and point out its situation with respect to 
the great sidereal stratum of the milky way. 

An observer who looks at a celestial globe, and wishes to 
see the angle of the direction of the line in which an object is 
seen from the centre, will for this purpose turn the globe 
horissontally till the plane of the azimuth circle is at right 
angles to the line in which he looks at it; or, if more Osh- 
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venient,he will change his position by going round the globe 
till he comes to the situation in which this angle will appear 
of its true magnitude. 

In illustration of this, let NESW, figure a, [^PL XXI.]] be 
the circle on which the azimuths of celestial objects are to 
be reckoned, and let the meridional line NS pass through 
the igoth degree of right ascension at S; then will the 
numbers at the circumference of the circle point out the 
degrees, and the quadrant of the azimuth of the situation in 
which any object is to be seen when referred to the milky 
way. The particular use of this azimuth circle will appear, 
when the construction of the figure which expresses the 
profundity of the clusters of stars, of which I have given the 
observations, has been explained. 

Having fixed upon the plane of the milky way as the 
region of the heavens to which the situation of the clusters of 
stars is to be referred, their right ascension and polar distance, 
which are required for this purpose, must be reduced to this 
plane ; and will appear under the denomination of elevation 
and azimuth. The elevation from the plane of the milky way 
will be either north or south, and the azimuths in cither the 
northern or southern hemisphere of it, will be in the north- 
east, south-east, north-west, and south-west quadrants. In 
order to make this reduction, we have the construction of 
the triangle A.BC, figure g, in which A is the pole of the 
heavens ; B the north j^le of the milky way, and G the 
pmafipp of t^^ stars ; and there is given the sade 

two poles ;; the...,side: AC, 
cluster, 'and;,, the Wangle A, 
pf 'tlm' 
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pole of the milky way and that of the cluster of stars. From 
these data we find the side BC, the complement of which is 
the angle of the elevation of the cluster ; and the angle ABC, 
or its supplement CBD, which gives the degree and the 
quadrant of the azimuth of the cluster. When to these two 
particulars the profundity of a cluster is added, we have its 
local situation, with regard to the plane of the milky way, in 
the required three dimensions of space. 

The following table is the result of a set of calculations 
made for the purpose of obtaining the above mentioned 
particulars. 
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Clusters of stars taken from my 

catalogues 


Class No. 

Profundity. 

Elevation- 

Azimuth. 

Point 

of 

sight. 

VI- 

7 

734 

76*^ 58' 

N 


43' 

SE 

58* 

1/ 

8W 

1 

9 

734 

73 

25 

N 

87 

2 

SE 

2 

5B 

sw 


lo 

734 

*+ 

It 

N 

4 ^, 

42 

SE 

4 * 

X8 

sw 


11 

734 

8 

35 

N 

55 

XO 

SK 

34 


SW 


IZ 

466 

6 

26 

N 

54 

30 

SE 

35 

3 « 

sw 



600 

2 


K 

63 

ia. 

NW 

26 

1 X 

sw 


zo 

73+ 

87 

39 

S 

xo 

57 

NW 

79 

3 

sW 


»6 

900 

0 

s 

a 

35 

38 

NW 

54 

22 

sw 


3 $ 

900 

0 


N 

1 « 

55 

NE 

88 

5 

SE 


38 

900 

4 

3 » 

S 

77 

5 

N£ 

12 

55 

SB 


4 * 

900 

3 « 

55 

N 

x6 

9 

NE 

73 

5 * 

SB 

IV; 

^3 

900 

59 

47 

N 

10 

23 

NE 

79 

37 

SE 

Clusters of stars 

taken 

from the 

connoissance. 


1 

980 

4 ‘ 

'42' 

a 

6x« 

24 

NW 

28^ 

36^ 

sw 


z 

ai 43 

35 

29 

a 

68 

*7 

NE 

21 

43 

SE 


3 

^43 

78 

29 

N 

89 

38 

NE 

0 

22 

SE 


4 

344 

14 

H 

Isr 

47 

41 

SE 

42 

*9 

SW 


5 

245 

45 

3^ 

N 

59 

27 

SE 

30 

33 

sw 


9 

S 44 

9 

™35 

N 

6 z 

^9 

SE 

27 

4 X 

sw 


xo 

»43 

22 

XX 

1>I 

7% 

28 

SE 

x8 

32 

sw 


IX 

X44 

$ 

io 

S 

^4 

21 

SE 

5 

39 

sw 


tz 

186 

■as 

26 

N 

7* 

57 

SE 

x8 

3 

sw 


' *3 

i *43 , 

4 * 

if 

H' 

6s 



24 

29 

"S¥~ 


14 

900 


6 

N 

77 

48 

SE 

X 2 

X 2 

sw 


*,5 

343 

ZO 

38 

a 

57 

3 

NE 

32 

57 

SE 


* 5 ) 

344 

7 

56 

N 

53 

5 * 

SK 

36 

9 

SW 


zz 

344 

S 


S 

<^7 
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SE 

22 

58 

sw 



344 

47 

26 

a 

86 

5 

SE 

3 

55 

sw 


33 

344 > 

20 

2S 

a 

10 

37 

NW 

79 

23 

'sw 


34 

144 


48 

s 

20 

33 

NW 

69 

27 

sw 


-IS- 

» 4 + 

i 

»3 

N 

^3 

58 

NW 

26 

2 

sw 


53 

*43 

77 

58 

N 

zB 

“gr 

SE 

6x 

54 

svv' 



400 

*4 

*9 

s 

66 

30 

SE 

23 

3 «> 

sw 



344 

8 

59 

N 

60 

43 

NE 

29 

»7 

SE 


57 

" 95 « 



-j— -.J 

6x 

28 

w 

28 

32 

SE 



734 

s 

54 

N 

so 

319 

SE 

39 

3* 

SW 



144 

3 * 

44 

N 

83 


sw 

s 

-S^ 

SE 


68 

344 

34 

J 9 

“u— 

3 

I 

“sW“ 


59 

BST 


69 

^ 734 

XX 

35 

$ 

59 

6 

SE 

30 

54 

SW 



^43 ' 

,■■''4 

10 

a 

66 

6 

NE 


54 

SB 



■ «41 

3 * 

w 

a 

86 

40 

"Kl" 

a 

20 

sa 

I'"’'' ' -f S'"' 


■ ':* 4 S' 

: 43 

S3 

f 

*5 

«8 

NW 

74 

32 

sw 



J:L:..,>lr 734 i'l 


*9 

a 

7 » 

9 

■:sE- p 

, -I'i- 


sw 



•:S» 

:-52' 

a"' 

47 

IS* 

w 

. 42 

24 

sw' 





::«s; 

8 


47 

i sw 

1$ 


SE 






K ' : 

48 

3 ? 

SE 

41 

at 

SW 


gz 


p' 'si 

^ 3 ' 3 , 


s?: 

50 

'ffir 

34 

xo 



97 


iJl 


PN'-' : 

;ao 


NW 

L-ii 

ji 

SW 
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In order to explain the construction of the table, and the use 
that is to be made of it when the situation of any one of the 
clusters delineated in figure 1 is to be examined, I shall take 
the first cluster it contains for an example. 

The first column points out the class and number, where 
the clusters taken from my catalogues are to be found, and 
only the number of those that are taken from the Connoissance 
des Temps for 1784. In the figure, the place of the cluster 
whose situation is to be examined is distinguished by the 
same mark as in the table namely VI, 7. 

The second column contains the distance of the same 
cluster from an eye placed in the centre of the globular space, 
the profundity of which is 734, as determined by the obser- 
vations that have been given. In the figure it is expressed by 
the length of the line c VI, 7 drawn from the centre of it to 
the cluster, whose length is 734, the radius of the circle 
representing the globular space being is. 

The third column gives the angle of elevation of the 
cluster, which in the present instance is 76" 58' above the 
northern plane of the milky way. In the figure it is 
expressed by the contral meeting of the lines b c iand VI, 7 : 
one of which denotes this plane, and the other the profundity 
of the cluster. 

To find the quantity of this angle, it is necessary to have 
the right ascension and polar distance of the cluster ; and 
here it will be proper to notice that I have deduced these 
requisites from my own observations of the clusters, brought, 
to the beginning pf the year 1800. Then to find the elevation 
of the present cluster by the method which has been ex- 
plained, we have in figure 3, the side AB =5 60®; the ii^e 
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AC = 71® 17', boina: th© polar distance of the cluster; and 
the angle A = 6° 56' 45'', being the right ascensi >n of the 
cluster ig6° 56' 45'' minus 190®. By these quantif ies wc find 
BC=: i$° a' 28", and its complement 76“ 57' 3a", which is 
the required elevation of the clu.ster VI, 7. 

The fourth column assigns the azimuth of the cluster ; and 
as the degrees of the quadrants of tlie azimuth circle in figure 
«, are numbered one from the south the other from the north, 
the letter S is prefixed to E, to show that the degrees of it 
are to be looked for in the south-east quadrant ; the quantity 
of the angle, in consequence of the foregoing calculation, is 
easily obtained ; for as we now already have the side BC, the 
opposite angle A, and the side AC, we find the supplemental 
angle CBD, which gives the azimuth 31® 43' By this 
result the situation of the direction, in which an observer in 
the centre of the globular space must look to see the cluster, 
is determined. 

, The fifth column contains the point .of sight, or situation 
in which the eye of an observer should be placed, wlien, by 
the assistance of a celestial globe, the profundity of any 
cluster marked in the figure is to be examined. Tlii.s point, 
for the cluster VI, 7, is 58® 17' south-west, which denotes 
that the globe must be turned horizontally till the 58th 
dj^ree of the soUth-*west quadrant directly faces the observer, 
or that, by changing His situation , he must place himself so 
globe in the assigned position, 

» |||.|iaye called the construction of the figure which gives the 
^;;^^^|dit|;(o|;:the■'cIuSter^ anrartificial onei because, '.as' soon 

into the 'situation., -where -it 
.point ojf^ sight,, ,the\' figure will 
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always be found already prepared to show by inspection the 
azimuth, the elevation and the profundity of the cluster under 
examination; for as the globe, which in its adjusted situation 
has the azimuth of the cluster VI, 7, at right angles to the 
line of sight, so the globular space in the centre of the figure 
being supposed similarly arranged, has the tabular azimuth 
31° 43' SE also at right angles to the line drawn to the figure, 
when seen from the point of sight 58° 17' SW. 

The direction from the centre of the globe to the place on. 
its surface where the cluster is inserted, is also preserved in 
the continuation of it beyond the surface of the globular 
space, by the angle of its elevation 76® 58' above the northern 
plane of the milky way. 

The profundity of the clustear, as has already been noticed, 
is expressed by the continuation of the line of elevation to 
734 such parts as the radius of the globular space contains 
IS ; and it may not be amiss, by way of assisting our con- 
ception of the vast distance of the situation at which this 
cluster is placed, to state, that if a line directed to it were 
added to an 18 inch globe, supposed to contain all the visible 
stars of the heavens, its length to express this distance would 
be above 45 feet. 

This figure which, from its construction, represents all the 
different aspects in Which a celestial globe should be seen, 
when its 'horizontal posifion for any cluster is adjusted by the 
foregoing table, has the imperfection that, on account of the 
difierent azimuths of their skuationj, cannot all be 
collected into one pers|jective view ; but as it aflPords the 
m^ns, of examining them'sej^ately, which may even, lie 
done without the asststance! of the globe, this inconyehistice 

MDcccxvnr. 3*0 
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is compensated by the advantage it has of showing all the 
angles of elevation, and the comparative lengths of the lines 
expressing the profundity of the clusters in their true mag- 
nitude, which an orthographic projection of their situation 
could not have done. 

IV. Of ambiguous celestial objects. 

When the nature or construction of a celestial object is 
called ambiguous, this expression may be looked upon as 
referring either to the eye of the observer, or to the telescope 
by which it has been examined. In the foregoing observa- 
tions we find that the 11th, 13th, 15th, and 3,5th of the 
connoissance, when they are at a sufficient altitude for the 
purpose, may be seen by the eye ; but as, without artificial 
vision, they appear only undeir the semblance of very small, 
faint cloudy spots, we should not be able to decide whether 
they were of a nebulous or sidereal condition, if we were not 
informed by the telescope that they are brilliant clu.sters of 
stars ; the eye therefore sees them as ambiguous obj< 3 cts. 

If these objects are ambiguous when only viewed by the 
unassisted eye, there are others that will appear to be so, 
when they are seen through such small telescopes as are 
generally attached to large ones, and are called finders, 
because they point out objects that are not visible to the eye. 
With regard to these finders^ I have occasionally used them 
of differeht sizes and constructions ; but from experience I 
Ci|hfay, ffi small one of a most simple composition, vvith 
; -about four ti-me&'lhat of 
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easily be- made to act as finders to themselves, by using a 
double eye glass with a large field of view and a small 
magnifying power. It is indeed very obvious that when a 
small telescope, acting as a finder to a larger one, has not 
sufficient light to show the objects we look for, a more 
powerful one must be used. In this manner I have often been 
obliged to have recourse to a 10 feet reflector as a finder, to 
point out the situation of an object to be viewed in the ao feet 
telescope. 

It may have appeared singular, that among the observations 
which have been given, there are many that were made by 
the 7 and 10 feet telescope finders, but the important use of 
these observations will appear in the consequences that may 
be drawn from them ; for the clusters of stars. No, s, 3, 5, 
13 , 30,33, 34, 53, 75, and Q 9 , of the connoissance were all to 
be seen in these finders ; they were, however, not seen as 
clusters of stars, but as ambiguous objects. No. is, 30,34, 
and 75 were but just to be perceived ; No, s and 9s appeared 
like stars with rather a large diameter ; No. 3 and 5 like 
hazy stars •, No. 33 and 53 like small hazinesses or nebulo- 
.sities ; and yet they were all proved by the telescopes^n 
which they were critically examined to be clusters of stars. 
If then a cluster of stars in a very small telescope will appear 
like a star with rather a larger diameter than stars of the 
same size generally have, we shall certainly be authorised to 
conclude, that an object seen in a larger and more perfect 
telescope as a star with rather a larger diameter, is also an 
ambiguous object, and might pqssibly be proved to be a 
cluster of stars, had we a- superior instrument by which wa 
could examine its nature and construction.’ 
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This seems to throw some light upon a species of objects 
called stellar nebul®, one hundred and forty of which have 
been inserted in my catalogues. For as it has Just been 
mentioned that a lo feet telescope may become a finder to a 
so feet one, the so feet telescope itself will be but a finder to 
objects that are so far out of its reach as not to appear 
otherwise than ambiguous ; nay, the 40 feet telescope, when 
it is but just powerful enough to show the existence of an 
object which decidedly differs from the appearance of a star, 
may then truly be called a finder. 


V. The milky zvay^ at the profundity beyond which the gaging 
powers of our instruments cannot reackt is not an ambiguous 
object. 


Celestial objects can only be said to remain ambiguous, 
when the telescopes that have bsen directed to them leave It 
undetormined whether they are composed of stars or of 
nebulous midier. Six observations of different parts of the 
milky way, relating to this subject, have already been given 
in my last paper,* to which the following four may be 
added. 

%)ec. ay, iy86. Right ascension Polar distance 88® 


SS'* There are 116 stars in the field of view, besides many 
too small for the gage. 

iSept, er, 1788. Right asccnsjcm ai* Polar distance 
iV There are about 360 stars in the field of view, hat 
■ small that it requires tha utmost atteim -iW 


' ; a^K^nsian . . Polar .distance 
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53® 50'. With 157 there are small stars with suspected 
nebulosity ; 300 shows a great niany smaller stars intermixed 
with the former. 

Sept. 11, 1790. Right ascension ig’* 30', Polar distance 
47° o'. About 340 stars in the field of view, with many too 
small to be counted. 

In these ten observations the gages applied to the milky 
way were found to be arrested in their progress by the 
extreme smallness and faintness of the stars ; this can how- 
ever leave no doubt of the progressive extent of the starry 
regions ; for when in one of the observations a faint nebulosity 
was suspected, the application of a higher magnifying power 
evinced, that the doubtful appearance was owing to an inter- 
mixture of many stars that vs^ere too minute to be distinctly 
perceived with the lower power; hence we may conclude, 
that when our gages will no longer resolve the milky way 
into stars, it is not because its nature is ambiguous, but because 
it is fathomless. 

VI. Cf ty msumd semUana ^ clusters of stars, when mit 
through telescopes that have not light and power sufficient to show 
theirnature and construction. 

The variety of telescopes used in the long series of obser- 
vations that have been given, will afford us many instances 
to ascertain the various deceptive appearances that clusters of 
stars may put on when they are observed with an inadeq^uate 
apparatus.' 

An examination of some particulars relating to this subject 
inay assist us to ascertain in what class we ought probably 
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place the numerous observations of ambiguous objects that 
in my sweeps of the heavens were seen by the 20 feet 
telescope; and having already compared the different forms 
under which clusters of stars appeared in the finders of the 
instruments, I shall now also notice how they were seen in 
the gradually larger telescopes. 

In the 2 feet Newtonian sweeper, 

No. 9s of the connoissance appeared like a clouded star, 
with a magnifying power of 15. No. b, with a power of 24, 
appeared like a telescopic comet. 

In the 7 feet telescope, 

No. 77 was like an ill defined star, surrounded by nebu- 
losity. No 79, with a power of 57, appeared nebulous. 
With 460 No. s could hardly be seen, for want of light. 
No. 10, with 227, could not be resolved into stars, for want of 
pow^r, With 460 No. 22 wanted light, and with 227 it 
wanted power, With a magnifier of 171 No. 93 had a 
nebulous appearance. No. 1 was seen as light without stars. 

In the 10 feet telescope, 

The light of No. ig appeared mottled. With a power of 
71 No. 36 appeared like a pretty large cometic nebula, very 
gradually much brighter in the middle. With the same 
power No. 7^, was small and cometic. No. 77 had nearly 

- 
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In the large lo feet telescope. 

No. 57, being too law for examination, had the appearance 
of a faint nebula. 

The numerous ambiguous objects that have been seen in 
the 20 feet telescope do not properly come under this head ; 
for as none of them have been critically examined by superior 
telescopes, they must still remain ambiguous; and it is' for the 
purpose of being able to form some probable conjecture about 
the nature of these doubtful objects, that the foregoing results 
of the appearance of such as have been ascertained to be 
clusters of stars, have been pointed out. 

It would be far too extensive to enter into particular appli- 
cations, I shall therefore confine myself to a few general 
remarks. In the depth of the celestial regions, we have 
hitherto only been acquainted with two different principles, 
the nebulous and the sidereal. The light of tiie nebulous 
matter is comparatively very faint, and, except in a few 
instances, invisible to the eye. . It is also in general widely 
diflfused over a great expanse of space, in which, by an increase 
of faintness, it generally escapes the sight : the light of stars 
on the contrary, is comparatively very brilliant, and confined 
to a small point, except when many of them are collected 
together in clusters, when their united lustre sometimes takes 
up a considerable number of niinutes of .space; but in this 
case the stars of them may be seen in our telescopes, and by 
the observations that have been given, it appears that when 
they are viewed With instraments gradually inferior to those 
which prove them: to; be: 'clusters of stars, their diameters, 
seen with less light and a smaller magnifying power,:4re 
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generally contracted; a globular cluster is reduced to a 
cometic appearance ; to an ill defined star surrounded by 
nebulosity, and to a mere small star with rather a larger 
diameter than stars of the same size generally have. In 
consequence of these considerations, it seems to be highly 
probable that some of the cometic, many of the planetary, 
and a considerable number of the stellar nebulae, are clusters 
of stars in disguisd, on account of their being so deeply 
immersed in space, that none of the gaging powers of our 
telescopes have hitherto been able to reach them. The dis- 
tance of objects of the same appearances, but which are of a 
nebulous origin, on the contrary, must be so much less than 
that of the former, that their profundity in space may proba- 
bly not exceed the 900th order. 


VII, Of the extent of the power of our telescopes to reach into space ^ 
when they are directed to ambiguous celestial objects. 


The method of equalising the light of stars on which the 
gaging power of telescopes has been established, may also be 
applied to give us an estimate of the extent of their power 
to reach ambiguous celestial objects., 

When thentmited light of a duster tjf stars is visible to the 
eye, there will then be a certain maximum of distance to 
which the same cluster might be removed so as still to 
r^ln yisable in a telescope of a given space-peHetrating 


i; and if the distance of this duster can be ascertained 
power of an instrument that will just show 
^^^^^he;o^rv€rf |hg pubfundity at:|which the duster 
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by the space-penetrating power of the telescope through 
which it is observed. But as the aggregate brightness of the 
stars depends entirely on their number and arrangement, this 
method can only be used with clusters of stars that have been 
actually observed. 

The 35th of the connoissance, for instance, being visible to 
the eye as a small cloudiness, its profundity in space was, by 
an observation of the 7 feet telescope, shown probably not to 
exceed the I44)th order 5 then, as the stars that enter into the 
composition of this cluster are of such an arrangement that 
their united lustre may be seen by the eye at the distance of 
the I4j4,th order, the lo feet telescope, by which this cluster 
was viewed, having a power of penetrating into space 2S.6*/ 
times that of the eye, would be able to show this cluster as a 
small cloudiness, if it were removed to the distance of the 
4is8th order. The ao feet Newtonian telescope, in which it 
was also observed, having a space-penetrating power 61,16 
times that of the eye, would still be sufficient to discover it as 
an ambiguous object, if it were removed to the distance of 
the 8809th order. 

To investigate how far the J^th cluster, which is also 
visible to the eye, might be removed, so as still to be seen in 
the front view of the ao feet telescope, we find, by inspecting 
the table in which the profundities are given, that the eye 
can reach it at the distance of the 243d order ; therefore this 
telescope, with a power 73.08 times that of the eye, would 
still be able to show it at the distance of the 18244th order, 
and being a globplar cluster, its appearance would be that of 
a: small star with rather a large diameter. 

MDCcoxvni. SP 
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As there are but few clusters of stars that can be seen by 
the eye, the observations of their visibility in the finders of 
telescopes, and their appearance in them, are of eminent use 
in ascertaining the distance at which we can expect to see 
celestial objects in large telescopes ; when, therefore, a cluster 
of stars cannot be seen by the eye, its visibility in the finder 
must first of all be reduced to the standard of the eye. I 
have already noticed that the power of my finders to show 
stars, has generally been about four times that of the eye ; 
then, as they would show a star at the distance of the 48th 
order, a celestial object, situated at this distance, would 
require to be brought to one quarter of that distance to 
become visible to the eye. 

The sd cluster of the connoissance, for instance, was seen 
in a finder with the above mentioned power, and its profun- 
dity having been ascertained to be S43, we may conclude 
that it would be visible to the eye, if it were only of the 
^o.y^fh order ; this being admitted, it will follow that the so 
feet telescope would still show this cluster of stars as an 
ambiguous object, if it were removed to the 4561st onler ; 
and with a space-penetrating power of 191.6^1, the 40 feet 
telescope, by which it was also observed, would have shown 
this cluster under the semblance of a star that might be dis- 
tinguished from others by having rather a larger diameter, 
if it had been at the distance of the 1 1 645th order. 

V la the assigned the extent of 

lower to reach iXilestial objects, as it is in the same ih- 

obserted*; hm,Tlus,:i ''not' a 
vj8ibilty^.;and; the' particu- 
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lar manner of its appearance of any cluster of stars in a 
finder or in a small telescope of any known gaging power is 
ascertained; and when also by any superior instrument its 
profundity in space has been assigned, so that it maybe reduced 
to the station at which it would be visible to the eye, it may 
then be viewed with any telescope of which the space-pene- 
trating power is known ; and if we put e for the power of 
the eye, /for that of the telescope which acts the part of the 
finder, p for the ascertained profundity of the cluster, and S 
for the space-penetrating power of a superior telescope, then 
will the extent E of this telescope to reach the same cluster, 
as an ambiguous object of any required appearance, be had 
by the formula E = 

It will not be necessary to calculate, by this formula, the 
order of distances at which in large telescopes some of the 
clusters of stars would be seen like telescopic comets ; others 
as large stellar nebulae, and others again as ill defined stars 
surrounded by nebulosity, as all these appearances must fall 
within the compass of the full stretch of their power; I shall 
therefore only add a calculation of the ambiguous, visibility of 
one of the very distant clusters of stars. 

The 75th of the connoissance is not visible to the eye, but 
may be seen in the finder ; and the telescopic observations of 
it have ascertained its profundity to be of the 754th order; 
the station to which it should be brought, that it might be 
visible to the eye, is therefore of the 185,5th order. From 
this it follows, that with any tdescope which las the space- 
penetrating power of the frontyiew of my ao feet reflector, ^ 
this cluster might still be perceived if it were removed t» jthe 
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distance of the 13707th order ; and that the 40 feet telescope, 
which in this case would really act the part of a finder, would 
still show thisS cluster of stars as an ambiguous object at a 
profundity in space amounting to the order. 

W. HERSCHEL. 


Sloughj near Wltuis6r. 
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XXIV. On the stnicttire of the poisonous fangs of serpents. By 
Thomas Smith, Esq. F. R. S. 


Read June 4, 18x8. 


"When the poisonous fangs of serpents are attentively 
examined, a slit or suture may be observed extending along 
the convex side, from the foramen at the base to the aperture 
near the point. { Plate XXII. A. B. C. D. ) This is a conse- 
quence of an unusual, and hitherto, I believe, entirely unno- 
ticed structure, resulting from the mode of formation of the 
tube through which the poison flows. 

My attention was called to this structure, by having lately 
received from my friend Mr. Herbert Ryder, the assay 
master to the mint at Madras, the bones of the skull of a 
cobra de capello. I tiad some years since noticed the slit 


running along the convex side of the fang, in making a 
preparation of the head of the common viper of this country, 
in which it .is distinctly seen when maghifled '; neveitth^l^g, it 
seems to have been overlooked by all the numerous authors 
who have written upon the subject of die venomous fangs of 
the viper, and who, as far; as oonoerned, domot 

appear to have advanced bfeyofid ^ to whom, and eyen 
'anterior'’ to ; whdse^i^timei;';. the; ; 
Jtuhiilar : w|a^ Ij 

iraa^he4 ;■ that'v the;;:mh® 
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was produced by a perforation passing through the pulp ; 
this is not, however, tlic case, the tube being completely 
external, and formed by a deep longitudinal depression on 
the surface of the pulp. 

In order to render this more clear, I must here observe 
that a slight longitudinal furrow, or depression, is to be seen 
on all the teeth of the cobra de capello ; on those which are 
nearest to the poisonous fangs it is most evident, and occupies 
the convex side of their curvature ; it however is confined 
entirely to the parietes of the tooth, and does not at all aflect 
the form of its cavity. 

But in the poisonous fangs, this depression is sunk deep into 
the substance of the tooth, and occupies a portion of the 
space, which in the others is allotted to the cavity which con- 
tains that part of the pulp which remains when the tooth is 
completely formed ; and the edges of the depression being 
brought together along the greater part of the tooth, form 
the slit or suture that 1 have before described, but, being 
kept at a distance at both extremities, there results a foramen 
at the base and at the apex. 

That this is a correct view of the mode in which the poi- 
sonous tube is formed, receives additional support from what 
1 have observed in a species of the genus hydrus, of Schneider. 


; in this serpent, as in many others nearly allied to it (les 
hydres of M. Cuvier )i there are siinple teeth on the same 
; jfcnb v^hich^^ s^^ poisonous fangs. These teeth so 

the;fahgs,:that' it, requires’ a' very^ el^®' 

:,this’':'arises ’ffrom 


;-'ion|^hR|liat fultr^vr 
^ -poisoiious' 
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fang, but also a very visible cavity at the base, where the 
foramen occurs in the others ; and I have even found a fine 
tube in a tooth of this sort ; it was however confined to the 
parietes, and did not affect the cavity of the tooth. 

To this gradation from a slight superficial furrow to a deep 
depression, may be added the fact, that no traces of either 
are observable in the teeth of those serpents which are not 
armed with venomous fangs : this I found to be the case in 
a large species of boa. 

As a consequence of the structure that I have described, if 
a horizontal section be made of a poisonous fang, in which 
the edges of the longitudinal depression are rounded, we 
shall have a cylindrical cavity (the; {X)ison tube) nearly 
surrounded by a semilunar one (the cavity which contains 
the pulp). This is shown in the annexed drawings of the 
fangs of the cobra de capello. (PI. XXII. E. F. G. H.) 

If, however, the edges of the depression should be angular 
(as in the rattle snake), the horizontal section shows a figure 
somewhat different, the poison tube being more completely 
surrounded by the cavity which contains the pulp. This is 
shown in the drawing by the section of a fang of an unknown 
species of serpent, which has exactly the same form as that 
of the rattle snake, but is twice as large. (Pi. XXII. I. K.) 

* In sections taken at different parts of the fang, the propor- 
tions between the poison tube and the cavity which contains 
the pulp will be different; the latter greatly increasing 
towards the base of the tooth ; and near the apiSx the poison 
tube only will he seen j the fang at that part being solid. In 
a section also of a completely formed fang, the poison tube, 
at its anterior part, will be closely invested by the thickened 
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parietes of the cavity which contains the pulp; this cavity 
however is never obliterated, but exists in all the teeth of 
serpents, even when they have arrived at their full s;rawth. 

In the fangs, when completely formed, the edges of the 
slit, or suture, are frequently soldered together ; when they 
are angular, so large a surface comes in contact, that they 
appear to be united by bony matter ; in the cobra de capello, 
where they are rounded, though in very close contact, they 
do hot cohere. In the viper, the .slit seems filled up by the 
enamel, which being nearly transparent, a bristle in the 
poison tube may be seen through it, and causes an appearance 
as if the slit w'as open. 

In the first case, therefore, there is no channel ob.servable 
on the exterior of the tooth ; the line of junction, however, of 
the edges of the slit is very distinctly marked; in the cobra 
de capello there is an external furrow from the foramen of 
the base to that of the apex, owing to the edges of the slit 
being rounded ; the same is the case in those species of hyclrirs 
that I have examined. 

I should observe, that the poison tube is not coated with 
enamel ; for the membrane or capsule in which the tooth is 
formed, and from the inner surface of which it i.s well known 
that the enamel is deposited, does not pass between the edges 
of the slit into the poison tube; as, however, it passes over 
the slit, it wiU eover it with enamel, and in some cases, by that 
meafts the edges become .;roldered together. 

which may be found In this 
$|^gii|f;-bmst;qbsery^^ my,; obsemtiohs' have 

.a,,spedes,;qf hy.di'us,, .which, f 
under .the;, mieroseppe.' ; ' , • 
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I have to thank Sir Everard Home for the great interest 
that he has taken in the object of my enquiry, and for the 
assistance which he has afforded me ; on the value of which 
it would be needless to enlarge before the Members of this 
Society. 

The drawings annexed to the paper will sufficiently attest 
my obligations to Mr. Clift. I owe much to him, in addition, 
for the zeal with which he exhibited to me every thing in the 
Museum of which he has the custody, that was likely to pro- 
mote my views, and for information upon several points, 
which was required in the progress of the investigation. 

Description of Plate XXII. 

u, 6, c, di are representations of the poisonous fangs of the 
cobra de capello, in four stages of their growth. 

A, B, C, D, are magnified representations of the same. 

A, is a full grown fang firmly fixed to thq bone, 

B, is not quite perfect, the lower part of the foramen at the 
base not being yet formed. 

C, in this a very small part of the foramen is formed. 

D, the part of the tooth above the foramen alone appears. 

E, F, G, are end views of B, C, D, showing the poison 
tube nearly surrounded by the cavity which contains the 
pulp, and the proportions between them, at three different 
parts of the tooth. 

H, a section made by sawing the full grown fmg A, just 

above the lower foramen, showing the rounded edges of the 
slit, which consequently leave a slight, channel along Ae 
-tooth. .V’,..;'; 

I, K, magnified representations of sections of the fangs of 

MDCCCXVIir. 3Q 
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an unknown species of serpent, which have exactly the same 
form as those of the rattle snake. 

I, is a section of a young fang taken about the middle ; in 
this stage of growth the cavity which contains the pulp 
almost entirely surrounds the poison tube, and the edges of 
the depression which form the suture are seen to be angular, 
and present so large a surface to each other, that the suture is 
completely filled up even in this early stage of growth. 

K, is a section of a full grown fang of the same species of 
serpent at the sattie part as the preceding, tierethe cavity of 
the pulp is seen greatly contracted from the more advanced 
stage of growth. 

f 
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XXV. On the parallax of et Aquila. By John Pond, F. R, S, 

Astronomer Royal, 

Read April i6, i8i8. 

The telescope . erected for the investigation of the parallax 
of di Aquilss, exactly resembles in its construction that which 
was employed for the observations of a Gygni. It has an 
achromatic object glass of ten feet focal length, and four 
inches diameter. 

I had at first selected 0 Canis minoris, as a proper star to 
be compared with » Aquilse; but I found upon trial that it 
could not be seen in the day time, except under such 
favourable circumstances as could seldom be expected. I 
considered this at the time as a great disappointment ; but 
I now find that the star (/ Pegasi) which I have substituted 
for it, is much better situated for the purpose. It has often 
been proposed to examine the parallax of e large star by 
comparing lt\vith a smaller cme ; but to do this by meridian 
observations is very difficult, and in most cases impossible, 
from some peculiar practical difficulfies which I am about to 
.state*' ^ 

For example: in the present case of « Aquilae, the smaller 
star must have very nearly the same polar distance. If it 
foEows the larger s^r Within three hours of right ascension, 
it cmnot he Ras purpc^ei beca^^ in winter; 

it; will - pass '' median; 'jbefor^^^ thO;' 

star;difi|ef ' fbut-liq»rs.:;dip;’imo^^^ ]ascensio»;f#i#"'' 

• it- :will' 'in' ;thfe' smm&r pass .'-iie ^ meridiaii.-^tli' ; ’ 
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sun rise, and be equally invisible. It is seldom that a star 
can be found within these very narrow limits ; but relatively 
to « Aquilm, it fortunately happens that I Pegasi is so situated 
as to be very advantageously employed. 

Not being yet perfectly satisfied with respect to the 
stability of the instrument, I have only computed those 
observations in which each star has been observed on the 
same day. In so short an interval as three hours, I cannot 
conceive any sensible change of position in the telescope can 
possibly affect the observations. Notwithstanding this pre- 
caution, they are far inferior in exactness to those of « Cygni. 
I can only attribute this to the effect of accidental refraction. 

From the table * which accompanies this paper, it appear.^ 
that 54 observations from the s^th July to 29th December, 
1817, divided into four equal series, give the following 
results. 

Difference in declination of « Aquilae and / Pegasi, 

July 25, to Aug. 25, - - »' 49 ",i 7 

Aug. 25, to Sept 8, - - -149,20 

Sept. 8, to Nov. 1, - - - 1 49 ,61 

Nov. 1, to Dec. 29, - - - i 48 ,57 

If the first half be compared with the second half, the 
result will be, 

July 25, to Sept. 8, - - ’ - 

Sept. 8, to Dec. 29, - - 1 49 ,P 0 

I can discern no appearance of parallax in the above 
obs^yafidhs ; and indeed I have long cohsidered it as a 

its existence by observations on a 
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After so many fruitless attempts to establish the existence 
of sensible parallax, I was much disposed to abandon all 
farther prosecution of this subject, when my anxiety was 
again renewed by the paper lately communicated to the 
Society by Dr. Brtnkley. The arguments and observations 
which it contains, are such as no doubt require very attentive 
consideration ; but I think some of Dr, Brinkley^s doubts 
have arisen from my not having myself been sufficiently 
explicit as to the details of my own observations, and the 
precautions I have used. However this maybe, it seemed to 
me more than ever desirable to institute some new process of 
investigation, to which none of Dr. Brinkley's objections 
could possibly apply ; and it has occurred to me, that perhaps 
the observations made with the new transit instrument might 
be sufficiently exact for this purpose, though taken under 
very unfavourable circumstances. This was a question to be 
easily determined by inspection, and I have the satisfaction to 
state, that I find the observations of « Aquilae, already made, 
quite sufficient to establish this important point ; namely, that 
^e parallax of this star is either an insensible quantity, or is 
so extremely small, that it cannot possibly have had any share 
in producing the discordances observed by Dr. Brinkley.?*^ 

• These observations, as likewise some additional ones on other bright stars, coa^ 
tinued to the month of September, will form the subject of another paper, 



480 Observations of a Aquilce made with a fixed telescope.* 



Observed 

1817 . 

Difference. 



Rev. Parts. 
6 ^ 6 z 
6.56 

6 . 63,5 
6 .s 6 ,^ 
6*53 

6.64 

6.6z 

6.63.5 

6.68 

6.65 
6.69 
6.68 

6.65 
6.78 
6,61 

6.77 

6.66 

6.78 

6,63 

6.76 

6 . 80.5 
6,86 
6.74 

6*8o 

6 , 8 * 

6 . 8 1.5 
6.8J.0 

6^84 

6.84 

5 . 9 * 


3^*53-65 

1.5Z.02 

1.53.90 

1.52.63 

1.52.1 1 

1.54.00 

1.53.65 

1.53.90 

1.54.68 

1 . 54.16 

1.54.85 

t-SS-os 

« 55-54 

1.54.16 

1*56.40 

1 . 53 . 4 ^ 

1.50,3a 

x*S 4 * 3 <> 

1 * 56.40 

1.53.82 

1,56.06 

1.56.82 
*• 57*77 

1.55.88 

1.56.74 

1.57,08 

1.56.99 

1,50,90 

1.57.4a 

i. 57 *-ja 

1,58.80 


Do, reduced to the 
beginning; of 1817 , 


/ // 

* 49*93 
48.21 
49.61 

48.5 s 

48.1 X 

49.40 i 
49.17 
49*39 
49 94 

49.44 

48.60 
49.58 
49.76 
48.7s 

49.65 
47,28 
49.84 
47-35 j 

49 - 95 j 

47-71 I 

49.64 

50.66 

50.60 

48.41 

48.71 

50.45 
49.40 
50.15 

50 - 41 



m the tlic stjirs. The extremely ditference, 

U Ho obatryatloii has been omitted iti tm$ rt^ult. 


1,49,090 I49yi88 
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XXVI. On the parallax of the fixed star's in right ascension. By 
John Pond, F.R.S. Astronomer Royal. 

Read May 28, 1818. 

In the Connoissance des Temps for the year 1808, M. 
Delambre, in a memoir on the parallax of the fixed stars, in 
■which he relates the supposed discovery of a very considerable 
parallax, by two celebrated Italian astronomers,^ proposes 
that this investigation should be attempted in right ascension. 

I have often read this memoir with great attention, but 
have been prevented by accidental circumstances from 
carrying this suggestion into execution. The investigation 
has since that time become infinitely more difficult, from the 
narrow limits into which parallax has been restricted by 
more recent observations. 

When the subject first engaged my attention, I was con- 
stantly in expectation of the new instrument, and was 
unwilling to engage in a series of observations which would 
so soon be interrupted ; when this was erected^ I was so much 
engaged in the other methods of investigation, that it was 
not possible to devote myself properly to this enquiry ; it was 
only lately that it occurred to me to examine the observations 
as they stood on the transit book for other purposes ; and I 
find that, notwithstanding they have not been regularly 
made at the two opposite seasons most favourable for '^de- 
tecting a parallax, yet ’a sufficient number of observations 
may be collected to establish the same conclusion as that 
which I have given in my former paper. The stars, of which 
I have a sufficient number of observations, for this investiga- 

* and CaUndretli.'.' . 
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tion, are « AquiUe, Arcturus, Capella, and a Lyn«. Sirius is 
comparatively but seldom observed, from its vicinity to the 
horizon. As the observations of all the above stars give the 
same result, it will be sufficient to select one as an example. 
I have chosen » Aquilas. The annexed table contains 120 
observations of this star ; and the following remarks will, 
I trust, be thought sufficiently conclusive to establish the point 
in question. 

If a series of 12 results (obtained by 120 observations) be 
divided into two parts, first, according to the law of parallax, 
and next alternately, or in a manner perfectly accidental, then 
it so happens, that a greater difference is found in the latter 
or accidental mode of division, than in the former. From this 
it is evident, that the determination of the quantity of parallax 
is out of the power of the instrument to determine with this 
number of observations. The next question is, What are the 
limits within which parallax is restricted ? 

In examining several series of observations, I find that the 
result of 6 q observations, reduced to the equator, and taken 
accidentally, never differs from the more correct mean derived 
from 120 by more than 0^,01 of time, when reduced to the 
equator. 

If of IS results taken as above, the 6 least be classed 
together, and compared with the six greatest, the error of 
eithqr class will not exceed the double of this quantity, or 
It is therefore very highly improbable indeed, that 
Biagnitude should exi^ in a result deduced 

: the results arranged according to the law 

^ parallax more than half the double pa- 

, ryiaXjI infer, that ity^ iarprobable that the longer 
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axis of the ellipse described by parallax should, in the brighest 
stars, amount to o",^ of space, and not probable that it 
shouM amount to half this quantity, or to o",35. And when 
we consider that the minor axis of this ellipse is only measured 
in declination (and in «s Aquilse this is only equal to half the 
major axis); and that, moreover, the star is only deranged from 
its mean place, the half of this minor axis, I think it will not 
be very unsafe to conclude, that every attempt to discover the 
existence of parallax by a measure in declination, must end 
in disappointment. 

These observations, continued for many years with the 
transit instrument, must in the end either detect the existence 
of parallax, or still more correctly define its limits. But 
these appear to me even now so small, that I am not dis- 
posed to institute any farther observations with a view to this 
particular subject, but shall leave it to be determined by the 
regular course of observation.* 


• I take this opportunity of stating that the observations of « Cygni, continued in 
the manner described in a former paper, confirm, in the most decided manner, the 
total absence of any observable parallax* They are as follows: 



a Cj 

'■gni. 

0 Au 

"S*- g, 

C 5 ‘C 

e ca 

Difference 
of a and 
^ Cygni. 

Winter, 1817 
Spring, 
Summer, ~ 
Autumn, ~ 
Winter, 18*8 

z6 

3 * 

' *5 ' 

5 z 

8.173 

7,920 

3 > 34 o 

4.575 

5.645 

zB 

29 

22 

n 

47 

„ Sum 

9,818 IS 17^984 
10,044 r: 17 ,964 
14,825 ss iS ,16s 
14,067 r: iB ,142 
12,5295= x8 ,174 

5^226 

5.287 

: 5 . 43 * 


These observations seem to me to prove beyond a doubt that the parallax of 
cft Cygni cannot much exceed one-tenth of a second of a degree. Vide Phil. Trans-. 

MDcecxViir. / 3 R 
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Results according to the law 



of parallax. 



%reutral. 

Mininiuni. 

Result of 120 Observations. 

5 1^020 
.065 

51^020 

.063 



.078 

•033 

i8i6. July 24 to Aug. 21 51' 

^020 

•«>33 

•040 

.066 

•037 

Aug. 22 to Sept. 10 - 

.020 

.067 

.068 

Sept. 1 1 to Oct. 1 - 

.063 

Mean 51.050 

Ti ' ^ 

51 .048 

51 .049 

51.049 

Oct* 8 to Nov. 1 - 

•033 

Error rr .001 

Error .001 

Nov. 3 to Nov. 29 

Nov. 30 to Mar. 9(1817) 

.066 



.065 

Taken alternately 

or accidentally. 

1817. Mar. 10 to Aug. 21 - 

.078 

5l".020 

.063 

51 ",020 
.033 

Aug. 22 to Sept. 29 - 

*037 

.066 

.078 

.065 

.037 

Sept. 30 to Nov. 1 1 - 

.068 

.068 

.040 

•®33 

.067 

Nov. 13 to Dec. 17 « 


Mean 51 .056 

St -^>45 

Dec# 22 to Jan. 30(1818) 

.040 

51 .049 

« 

51 .049 

i8i8. Feb. 13 to Mar. 7 - 

*067 

Error o .007 

Error r: 006 

Mean - 51 

,049 

; Six least. / 

Six greatest. 



51^020 

5 i''.o63 



,020 

.066 



-035 

.065 



.033 

.078 



.037 

.068 



.040 

.067 



Mean 51 .030 

5 1 .068 



5 * •® 49 . 

51 .049 



Error si, .019 

Error ss^otg 
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XXVII, An abstract of the results deduced from the measurement 
of an arc on the meridiBt, extending from, latitude W 38", 4, to 
latitude 18° 3' 23" ,6, N". being an amplitude of 9° 53' 45", a. 
By Lieut, Colonel "Williara Lambton, F. R. S. ^^d Regiment 
qffoot. 

Read May ai, t8i8. 

In the lath vol. of the Aslatick Researches, there are detailed 
accounts of two complete sections of an arc on the meridian, 
measured by me at different times, in prosecuting the trigo- 
nometrical survey of the Peninsula of India. The first is 
comprehended between the parallels of Punn®, a station near 
Cape Comorin, in latitude 8" 9' 38^39, and Patchipolliam in 
Coimbetoor, in latitude lo** 59' 48^93 ; being an amplitude 
of a* 50' 10", 54. The second is comprehended between the 
parallels of Patchipolliam and Namthabad, a station near 
Gooty, in the ceded districts ; and lying in latitude 35® 6 *o*',siit, 
gives an amplitude of 4®6'n",s8. Since these measure- 
ments were made, I have had the good fortune to get another 
section, extending from Namthabad to Daumergidda, in the 
Nizam’s dominions, which being in latitude 18® 3' 23", 6', 
gives an increase of »® 5/ ag^Ss; making hi the whole In 
arc of 9® amplitude ; the longest single arc that 

has ever lieen measured on the surface of this globe. The 
dutaUed accounts of this last arc, with various conclusions 
c^pc&ming the th^^ have been presented to the 

Hastings, the present 
^published 13th volume . 
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of the Asiatick Researches. But as it may be three or four 
years before that volume makes its appearance, I have been 
induced to draw out this abstract of the results, thinking that 
the conclusions herein contained may be interesting to the 
Royal Society, and to the astronomers of Europe. As a re- 
ference may be made to the volumes above mentioned, I have 
simply given the lengths of the sides of the triangles from 
which the arcs are deduced, together with the lengths of the 
terrestrial and celestial arcs, without including either the 
tables of triangles, or the particulars of the astronomical 
observations, farther than the names of the stars, and the 
mean lengths of the celestial arcs, and, consequently, the mean 
degrees deduced therefrom. 

The first of these sections gives the degree due to latitude 
9" 34)'’ 44^', the middle point of that arc, equal 60472,83 
fathoms. The second section, whose middle point is in latitude 
13® s' 55", gives the mean degree equal 60487,56 fathoms. 
The last section gives the degree equal 60512,78 fathoms, 
due to the latitude of 16® 34' 42", the middle point of that 
section. 

In ray second paper, in the lath vol. of the Asiatick 
Researches, it appeared that the degree due to latitude 11“ 
37' 49", the middle point between Punnae and Nanathabad,, 
was 60480,3 fatlioms. Since that paper was sent, there has 
been a small correction applied to the base near Gooty, after 
comparing the chains with the brass standard scale. This 
correction has somewhat increased the mcaridlbhal distance 
between that base and Yettacondah south; and, consequently, 
the whole terrestrial arc between Namthabad and Punnae is 
also increased, which now gives the degree due to latitiide 
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equal 60481,55 fathoms. However, as there are 
now three distinct sections, whose respective middle points lie 
in 9® 84^44/'; 13*2^55''; anti i6°34’42''; I have thought it 
best to take the degrees due to these latitudes, as deduced 
from actual observation, using each, first with the French 
measure, thm with the English, and lastly with the Swedish 
measure ; and thence obtaining a general mean for the com- 
pression at the poles. The first mean of these three degrees used 
with the French degree, gives the compression The 

second mean of the same three degrees used with the English 
degree, gives And the third mean of these three 

degrees used with the Swedish degree, gives for the 
compression; so that the mean of these three means will give ‘ 
the compression at the poles ^3^. or ^ nearly of the polar 

axes ; and this has been finally adopted for computing the 
general tables of degrees from the equator to the pole. 

It will be seen by inspecting the plan of the triangles, 
(PI. XXIII.) that all the sides from which the arc has been 
deduced lie so near the meridian, that no correction has been 
. required ; a circumstance that has saved much trouble. The 
sides being so nearly nortli and south, that the base reduced 
from each side as an hypothenuse, may be considered as a 
chord of an arc parallel, and so nearly contiguous to the 
meridian, that it may, as to sense, be taken as the chord to the 
same arc bn the meridian ; and these chords being in general 
short,, they wiUbethe safine asthe aresj very nearly. I have 
n^^^ at thq trouble of applying any correction; 

Pupnm;;.and''I>aumergidda 
Iniri'/small arcs of - 30 
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miles cacli, the whole difference between tliese arcs and their 
chords would not be more than a fathom and a half. 

The number of base lines in this extensive 'arc, are five ; 
all measured with the chain extended in coffers; with 
elevating screws, &c ; and every part of the operation has 
been performed with the greatest posssible attention. The 
one near Bangalore may be considered as the first ; and its 
height above the sea was obtained by a series of triangles 
connecting it with another base near St. Thomas’s Mount, 
whose height above the low water mark was determined by 
observations made at the sea beach, and at the race stand near 
the north end of the base (Asiat. Res. vol.viii.). The base lines 
to the southward are, the one in Coimbetoor, and the other 
near Tinnivelly, whose heights above the sea were determined 
from the Bangalore base. Those to the northward are, the 
base near Gooty, and the one near Daumergidda. The 
account of this last measurement, and of the curious experi- 
ments for comparing the steel chains with the brass standard 
scale, will appear in the 13th volume of the Asiatick Re- 
searches. The particulars of the other measurenDi^nts may be 
seen in the 10th and i»th volumes of the same work. 

The great station of observation at Doddaguntah, is near 
the first base line; and it was at that station where the 
position of the meridian was fixed for extending it to the 
north atid south. The latitude of that station was also 
determined by observing the zenith distances of a number of 
stars from the Greenwich catalogue for 1803. That latitude, 
however, was afterwards set aside from a supposed disturb- 
ance of the plummet. The latitude w'as afterwards fixed 
froifi observations made at Punnae, the southernmost station bf 
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observation, by setting off degrees corresponding to different 
latitudes, after they were finally determined. 

As Doddaguntah station has been left out in the divisions 
of the grand arc, its latitude was only useful in fixing that of 
Savendroog, one of the great meridian stations for prossiiig 
the Peninsula (Asiatick Researches, vol. i. ), The other re- 
maining stations of observation are, Patchipolliam, or Coim- 
betoor; Namthabad, near Gooty; and Daumergidda, in the 
Nizam's dominions. We shall now see how these stations 
are connected by the triangles; Doddaguntali being the 
referring station in counting the northings, southings, See.; 
and to whose meridian the whole terrestrial arc is reduced. 

Without regarding the order of time, we will set off from 
Doddaguntah to Patchipolliam, and thence to Punnas. After 
which we will return to Doddaguntah, and proceed northerly 
to Namthabad, and from Namthabad to Daumergidda. 
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From the foregoing tables we collect the following parti- 
culars. 


By Table I. the terrestrial arc between jDoddaguntah 
and Patchipolliam is - « - 

By Table 11. The arc between Doddaguntah and Nam- 
thabad is - - - - 

Their sum will be the arc between Patchipolliam and 
Namthabad « sis 

By Table III, the arc between Patchipolliam and Punnae 
station is - - - • 

Their sum is the terrestrial arc between Punnae and 
Namthabad - - - zr 

By Table IV, the arc between Doddaguntah and Dau- 
mergidda is - • - 

From which subtract the arc between Doddaguntah 
and Namthabad * 

The difference will be the arc between Namthabad and 
Daumergidda . • =::: 

^nd the sum of the whole of these three sections will 
be the terrestrial arc between Punnas and Daumer- 
gidda - • - • 


Terrestrial arcs. 

feet 

727334-6 

fathoms 

761796,6 

1489131,2 

248188,53 

1029100,5 

171516,75 

2518231,7 


1835224,8 


761796,6 


1073428,2 

178904,70 

. 

598609,98 


Amplitudes of the celestial arc between the parallels of Punnee 

and Patchipolliam, 


Stars, 

Zenith distances at 

Amplitudes. 

Patchipolliam, 

Puunte, 

i Hydras 

1 Plydras 
a Cancri 

0 Leonis 
Rcgiilus 

0 Leonis 
$ Leonis 

1 Virginis 
^ Serpentisl 
a Serpentis 
nx. Herculis 
tx, Ophiuchi 
I Aquilas 

V Aquilse 
Atuir 

S Aqullas 

0 Dwphiin 

4®37'I2',6 sS 

3 5* 08 ,97 S 

1 36 32 ,64 N 

0 13 18 ,16 S 

1 55 ia»99N 

5 29 54 ,20 N 

4 39 59 -40 N 

1 00 55 ,20 N 

0 12 14,15 N 

3 S® 48 >46 S 

3 37 38.58N 

1 43 oo ,69 ,N 

2 ,-3S ^6 144 ^ 

0 50.50,748 

2 37 S44|f 

5 03 55 >68 S 

2 55 48 J68 N 

j^4y'oi%37S 

1 01 59 ,31 S 

4 26 42 >91 N 
z 36 52 >07 N 

4 45 24 ,06 N 

8 20 03 ,44 N 

7 >59 N 

3 OS >95 N 

3 02 25 ,30 N 
1.06 38 ,10 S 

6 27 48 ,35 N 

4 33 11 ,86 N 

5 25 *9 ,25 N 

1 59 19 ,11 N 

0 12 14,69 N 

2 13 48.40S . 

5 45 s8 ,28 N 

2® 50' I1®,28 
9,66 
10,27 
10,23 

11 ,07 
9,18 

12 ,19 
10,75 
11,21 

10 ,36 

9 >77 

11 ,17 

12 ,81 

10 >51 

8 ,82 

7 ,28 
12,60 

Mean 

2 50 10,55 ~ 
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Amplitude of the celestial arc befxveen the parallels nf Patdapollium 

and Namihabad. 


Star$» 

Zenith distances at 

Amplitudes. 

Patchipolliam- 

Namthabad, 

0 Leoiiis 
Regulus 
^ Lcouis 

0 Leotiis 

a Virginis 
^ Serpentls 
a Hcrculis 
» Ophiuchi 

1 Aquilsc 
yAquilas 

Atair 

0 Delphini 

o ° i ^ j8',i6 S 

1 55 iz.goN 

S «9 54 ,20 N 

4 39 S 9 . 4 ° N 

I 00 55 ,zo N 

0 12 14 ,t5 N 

3 37 38 .58 N 

1 43 00 ,09 N 

2 35 16 ,44 N 

0 50 50,748; 

2 37 54 .>3 S 

2 55 45 ,68 N 

4« 19' 29" ,91 S 
z 10 59 ,16 S 

1 23 42 ,08 N 

0 33 49 >17 N 

3 58 56 >58 S 

3 53 S6 .58 S 

0 28 34 ,09 8 

2 23 10 ,99 s 
» 30 53 >6z S 

4 57 02 >59 S 

6 44 07 ,19 S 

1 10 23 ,40 s 

4*c 6' ir', 7 S 

12 ,15 

12 ,18 

10 ,23 

10 ,07 

10 ,73 

12 .67 

11 ,68 

10 ,06 

1 1 ,80 

13 ,06 

9 .08 

Mean 

4 06 ! I ,28 


Amplitude of the celestial arc between the parallels of Namihabad 

and Daumergidda, 


Stars. 

Zenith di$ta«ccs at j 

Amplitudes. 

Namthabad. 

■liiiiiiiw 

« Leonis 
Regulus 
y Leonis 

6 Leonis 
g Leonis 
• Virginis 
n , Bootis 
Arcturus 

1 Bootis 

^Serpentia 

^Serpentis 

vSerpentb 

yHercnlia 

4* 19' 30"»079 S 

2 lo 59 ,463 S 

5 43 28 ,704 S 

1 23 42 ,038 N 

0 33 49 >‘ 74 N 

3 as *4 .7508 

4 .16 54 >4^0 N 

5 06 16 ,777 N 

0 3* 35 i868 S 

3 53 56 .2908 
o 56 3a ,646 N 
1,12 43 ,718 N ' 
; 4 ' 3 I', 19 ;,io 3 .N 

7 '»i 6 'S 3",233 S 

5 08 21 .582 S 

2 46 03 ,056 N 

* 33 40 .925 S 

2 23 34 ,3248 

6 02 36 ,570 S 

* 19 29 .335 W 
,2 08 51 ,502 N 

3 28 55 ,0508 

6 5* *9.5368 

2 00 50,2878 

1 45 00 ,865 s 
*; 33 ; 55 .469 N 




• Mean , 

z S 7 «3 
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Amplitude of the whole celestial arc between the parallels of 
Punnec and Tiaumergidda. 


Stars, 

. 

Zenith distances at 

.. , . 

Amplitudes* 

Punnae. 

Bainnergidda. 

0 Lconis 

2^36' 51^926 N 

7 '’i 6'53»,233 S 

9°S3'4S'»JS9 

Regulus 

4 4S 23 >979 N 

5 08 21 ,582 S 

4S *561 

0 Leonis 

S 20 03 ,213 N 

1 33 40 ,925 s 

44>‘38 

0 Leonis 

7 30 1 1 ,608 N 

2 23 34 >324 S 

45 >932 

1 VirginiS 

3 51 06,083 N 

6 02 36 ,570 S 

42 >653 

^ Serpentis 

3 oz 25 ,643 N 

6 51 19 ,536 S 

45*179 

y Serpentis 

8 08 47 ,269 N 

1 45 00 ,805 S 

48 ,>34 

Mean 

9 53 45 >251 


Latitude of Punnm station deduced from the foregoing xenith 
distances of eight principal stars, whose declinations and annual 
variations are given in the Greenwich observations for 180a. 


Stars* 

For the beginning of 1805. 

Latitudes. 

Mean declination. 

Correct* 2:en. dist* 

Regulus 

0 Leonis 

0 Serpentis 
0 Herculis 

0 Ophiuchi 
y Aquilse 
Atair 

0 Aquite 

iz<'S 4 ' 58^,93 N 
*5 39 45 *28 

7 03 00 ,30 

>4 37 30 >9f’ 
iz 42 JO ,91 

IQ 08 58 ,34 

8 2t S 3 *53 

5 SS 52*7* 

4 ® 4 S' 24'',09 N 

5- 30 11 ,59 N" 

1 06 38 ,xo S 

6 27 48 ,35 N 

4 33 II ,86N 

1 59 19 ,77 N 

0 12 14 ,69 N 

2 13 48 ,40 S 

8‘!(>9'34<',84N 

33*70 

38,40 

42 ,01 

39*05 

38 *84 

41 ,11 

Mean 

8 09 38 ,39 


Latitude of Punnse statioh - - 

Celestial arc between Punnse and PatchipolUam a 50 lo ,54 

Their sum is the latitude of Patchipoliiam 11 59 4 ^ i 9 S 
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CelCvStial arc between Patchipolliani and Narii- 
thabacl - - - ** 4' 

Which added to the last gives the' latitude of 

Namthabad - - • 15 06 00 ,S21 

Celestial arc between Namthabad and Daumer- 
gidda 3 57 03 .3® 

wTicli added gives the latitude of Daumer- 

gldda - - - ~ 03 23:53 

The arc between Punntc and Daumergidda by 
seven corresponding stars (9“ 53' 45'^35) 
added to the latitude of Punnte (8° 09' 38", 

39) gives - - - - 18 03 33 ,64 

Mean of these two latitudes gives the correct 
latitude • « - - 18 03 33 ,58 

By comparing the above three sections of the celestial arc 
with their respective terrestrial measures^ we shall have the 
following conclusions. , 

Celestial arc between Punnas and Patchipolliani s® 50' 10^,54 
Latitude of the middle point (9® 34' 43^', 6') 9 34 44 

Terrestrial arc in fathoms - f- 171516,75 
Mean length of the degree due to latitude 9“ 34' 

44'^ in fathoms - ' - - 6'0473 ,83 

Celestial arc between Patchipolliam and Nam- 
thabad - .. - - 4 ®o6'iP',q8 

Latitude of the middle point - - ig 02 55 

yp^restrial arc in fathoms - - 348188,53 

|^^|||^ree';due ,t0' lahtude 13“ 3' 55^' , ■ 60487,56 

; .;<^i€^^||c.:|^twefim Namtto 
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Tcrrestml arc ill ^l^ltboms ~ • 1789041,70 

Latitudc-of the jniddle point 16° 94' 43'“' 

Mean degreein fathoms due to latitude i 6 ° 34^ 43'' 60312,78 

So that by the above comparisons it appears that the 
degree due to latitude « 9® 34' 44" is - 60472,83 

the degree due to latitude le” 2^ 33" is - 60487,56 

the degree due to latitude 16“ 34' 42" is - 60312,78 


It now remains to compare each of these mean degrees, 
first with the French measurement ; l/ten with the English ; 
and /ast/y with the Swedish; and by proceeding on the 
elliptic theory, deduce from these data three mean ellipticities, 
and from these three a general meany which must give nearly 
the true compression at the poles. 

Previous to this determination, it will be necessary to inves- 
tigate the requisite formulae for obtaining the compression by 
a comparison of measured degrees in distant latitudes ; and 
first, by the measured degrees on the meridian. 

Let m' and be the measured degrees, in latitudes 'I and /; 
and let a represent the equatorial diameter, and h the polar 
axis : that is, supposing the earth to be an ellipsoid, let a and 
b represent the transverse and cohjugate axes of an elliptic 
meridian. Then it is known from conic sections and the 
nature of curvature, that is the radius 

of curvature of the ellipse at 7 ; and that 


is the radius of curvature of the same, or any other elliptic 
meridian, on the same dlipspid, at the point /. And since the 
degrees at '/and / are as the radii of curvature at these poims. 


we have m*: m : : 






a (Cos,»y, a*+ Sini*^rF 5 | * alCos.*/. a* + Sin.*:fc | 
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: : (Cos. “ 4 " Sill. Ir) : (Cos.“ /. a 4 - Sin.* /. b*) . 

Now to simplify this expression, if a = 1, e the cllipticity ; 
and therefore b 1 e, and 6* = 1 — a <? nearly, because 
e"' must be very small. Then will nd : nr. : (Cos." 7 4- (1 ec). 
Sin.* '/) — l ; (Cos.*/ 4 - — se). Sin.* /)— h And if 

( 1 — Sin.'V) and (1 — Sin. * /) be substituted for Cos.* 7 and 
Cos.®/, the expression will be transformed into (1 — 3(?. 
Sin.®’/) — {< and (1 ae. Sin.®/) — * ; or 1 4 " 3 ^'* ^^in.^V and 
1 4- $e. Sin.® / nearly, by developing the series, and leaving 
out all the quantities involving t-' or its higher powers. 
Hence mb m : ; 1 4 " 3 ^- * 7 : 1 4- S^'> Sin. ® / . ( 1 ) 

which reduced gives r = ) 

and when the degrees are contiguous, or very near to each 
other, this expression may be rendered still more simple by 
making w' s=s m in the denominator, which under these cir- 
cumstances will scarcely alFect the result : whence 

: , m' — m , , . 

3 m (Slii.* ' 7 — sin‘» V 3 j 

By this expression it will be easy to estimate the incre- 
ments to degrees lying contiguous to each other : for if m, 
m’, m '7 &c. be contiguous degrec.s in latitudes / ; 7, "I, &c. 
that is /, / 4 “ ^‘5 ^ Hh See. Then we shall have 


m" 


arid reduced, we get m' 


which being made equal 




m : ml’ m i : Sin. * 7 ' 


— Sm.*ij 

Sin.*/: 


Sin. * ’7 — Sin. * /. ; and in like maimer w" — m : m'" — ■ m : : 
Sin.“,f'f*— Sin,*/i Sin ; and m*'* — m : : 

&C. from which it ap- 
; to the degrees, beginning with the 

increments to tlie- 
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squares of tlie sines of the corresponding latitudes ; and if 
m be at the equator where the Sin. i is 0, then we shall 
have m" — m:i Sin. ®V: Sin.®"/. 

Since by equation a, w': w : : 1 -f* 3 ^* Sin.®'/ : 

1 + se. Sin. •/; then m- = m (4) 

(r+iS^) • ■ • ■ Is) 

When m is at the equator, and therefore Sin. / = o ; then 
to' = m (1 4 * 3 ^* Sin. ®'/) . . . (6) 

If w' be at the pole, and therefore Sin. *'/ = i,then we 

have »' = » . . (7) 

If the degrees perpendicular to the meridian be made use 
of, let p' and p be the measures of those degrees m latitudes 
7 and /, then the radius of curvature of the perpendicular 
degree at '/being as Sin.®'/)|. aa 

aas f ( i 4“ Si'f*** very nearly ; and for the same reason 

the radius of curvature of the perpendicular degree at / will be 
as i ( 1 4 * «• Sin.* /) very nearly ; so that we get f i ; 1 4-f. 

Sin.® 7 ; i + e. Sin.*/ . . . ; (8) 

and when reduced gives e as ^ (9) 


1 + e, 


From equation = 


• • (»o) 

• • 

If p be on the equator where the Sin. I vanishes, then 
equation to becomes^ aa ( t 4“ Sbi.* '/) . i . (i») 

If j&' be at the pole, and therefthre the cosane of 7 unity , 

then equatic# 10 beojines.jp* ssa p y » • • 

■'^' MOOCCXVIIf. 
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Since the degree on the meridian, and the degree perpen- 
dicular to the meridian, are equal at the pole, we shall have 

by equations 7, and 13, ( njrrSTr) = “ ( ) , 

where /> and m are in tlie same latitude 1. Now 

^ (r+lT'lb/ ) == + sO • (^ + S'?- Sin.* /)-*=: 

=sm (1 -f Cos.* 1) nearly ; and therefore p | ;y jaa 

4-e) .(i-l- Sin.*/)~"‘ s= p (i Cos.*/) nearly. 

Hence m Sin.*/} = /> (i -{-<?. Cos.*/) which reduced 

gives . . . (14) 

Since w (1 + 3^- Cos.*/) =c/> ( t 4“ Cos.®/), we get 

OT ; ^ I 1 4* e Cos.® / ; 1 -J~ 3 ^ Cos.* / . . ( 15) 

and when I s=s 0, and its Cos. equal 1, then m 1 -f- e: 

1 4- 3^ .... (id) 

If we make use of the degrees of longitude, then let d* and 
d represent their measures in latitudes '/ and /; and their 
resliectlve radii of cutvdture at */ and / will be expressed by 


a (Cos.*"d+ (I — 'a«) Sin.‘ '/)| a (Cos.* / + (i — ae). there- 

aCVi.<M .j/ js Oos. _ Oos* ^ ^ ^ 

tore a : d ^ sij,. » (Cos.*i + (i — ae) Sia.*"^’ 

: : ,*at ia d' ■. d : : 

<^s.> 7 (iv- ^e. ^n.* 7)T t : Cos. / (1 — se. Sin.® /)"~^ ; that Is 
<^s» 7 ( i Sn.* ■/) ; CoS. / (i 4" Sin.*/) . . ( 17 ) 

(1^1 

,GoSi./ (4.. 4 ' e*^.*;/)t 
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From this equation we get d = . 

And from equation 9 we get p = 
at the equator the degree of longitude, and the perpendscu- 
lar degree are equal, then gSi'i ' iV = T+rfe > 

and this reduced we shall have d? ss p'. Cos. 'I, where d' and 
p' are in the same latitude. Hence d*-. p': : Cos. 7 : rad . . . (20) 

I shall now proceed to determine the compression at the 
poles from the foregoing three sections of the arc; and 
oOraparing each, frst with the French degree in latitude 
47°3 o' 46", equal 60779 fathoms; then with the English degree 
in latitude 52° 2' 20", which is 60820 fathoms ; and lastly with 
the Swedish degree in latitude 66“ 20* izf when it is 60955 
fathoms. 

With respect to the French degree, as there appears much 
irregularity in the different sections of the arc between Dun- 
kirk and Montjouy, 1 have used that between the Pantheon 
at Paris, and Eveaux, as given by De Lambre in the Base 
du Systems MHriqm, as it appears to be the most consistent. 
Tkis degppee is toises, equal to 60798 fathoms. But 

their measurements being all reduced to the temperature of 
32® of Fahrenheit's thermometer, the above degree will 
require a deduction of 19 fathoms nearly, to make it what it 
would have measured by the brass standard at the temperaF- 
ture of 62® j which is our standard temperature. Hence, 
60779 fathoms is the degree in latitude 47® 30' 46^' to com- 
pare with the Indian measurements. 

let this degree he denoted by iw ' ; and its latitude, 
47®So' 46" by 7 ; smd let the degr^ 6045*2,83 fathoms he 
m, and its latitude 9“ 34^ 44'^he I, Thdn by equation 1, 
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e cs- ,, ,, , We shall then have the type 

3(m. Sin.»7^ bm ^ /) ^ 

calculation as follows : 

^ ~ 34" 44" = 60473.83 

7 = 47 so 46 m'= 60779 

/w' — w K= 306,17 

Log. m = 4»78 15603 
log. (Sin.* 7 ) = 1,7354393 

4.5169996. its nat. no. s= 33885,1 
Log. w'=4, 7837536 
Iog.(Sin.*i!) =a 3,4433388 


3,3360834 . nat no. . 1683,0 


31303,1 = (in S.*7— /»' S. 
3 


Hence ^ =.51^= 

Ixt / ss 13* a' 55'^ 
7 s #5 47 30 46 


305.73 93606,3 
, ,in =s 60487,56 
. . 60779 


Log. »7 = 4,7816660 
log. (Sin.* 7) = ’i,7354S9a 


291.44 ^ ^ 


4.517105® . ' nat. no. 5c= 32893,3 

Log. m! sss 4,7837536 
log. (Sin,*/) ts= 3,7073618 


3,4911154 , . nat. no. sa 3098,3 

' 89794.9 

Hen^ ^ “ sofe" 5. 
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Let / sa i6° 34' 4a'' . . = 60513,78 

7 «iE= 47 30 46 . . = 60779 , , 

w' — »i = 366,33 


Log. m = 4,7818471 
log. (Sin.* 7 ) = r,7S54393 

4,5173463 , 
Log. 4,7837536 
log. (Sin. ® /) =s 3,9106834 


nat. no. = 33903,8 


$>6944360 . . nat. no. . . 4948,1 


Hence e 


26 & 9 %Z 


I I 


s7955»7 

3 

83867,1 

= 5^5* " 


83867,1 

Whence the mean of , , — 

305*75 ’ 306*7 ’ 3*5>o3 

mean compression deduced from the mean degrees given by 

these three sections, compared with the French measure. 

If we proceed in the same manner with the English and 

Swedish measures, we shall have by the whole as follows: 

By the French r—rr: ; rr^ ; rrrrr ; mean * 


By the Ehglish 
By the Swedish 


305*73 '* 30^*7 * 3»5>*3 

> t . » 


309,15 

I 


3io,a8» 311,36* 318*97’ 3J3.54 

305,14 ’ 305,7* 310,7a * 307*19 


And the mean of the three means equal 

^ 3 ^ 9 * 9 ^ 3 io>oa 

nearly for the compression at the poles, as deduced from 
these comparisons ; which coinpressiori will be adopted for 
computing the diffacent degrees from the eqdator to the pole. 
All tWfr is supposing thfe earth to be an ellipsoid, &iit that 



504) Lieut. Col. Lambton’s abstract of the results deduced 

these Indian measurements may rest on their own ground, I 
shall examine whether the increments to a succession of con- 
tiguous degrees as deduced from the present data, be con- 
sistent with the elliptic hypothesis, beginning with the degree 
in latitude 34' as determined by observation. To effect 

this let fnS^\ See. be the measures of complete 

contiguous degrees on the meridian in latitudes 

&c. Then, if a meridian of the earth be an ellipse, we 
know from equation s, that the compression will be expressed 


by 


3(S5n.‘/"— 


or 


m 


(3)_„C) 


or 


they will. So that we shall have 


; let the length of the diameters be what 


m 


(»)-«(») 






M 


(I) 


or 




3 

«»■., ; and by reduction m' 

Sin.® Sin.* 


Sin.*zl‘l ’ 
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AUo ^W= + ( „W_ ^<0 , , to 

is -ir by preserving the express 

sioii which we will call <i. Then we shall have 


m 


0). 




m 

m 


(*). 


d 


to m 


tsia.»z(®^--Sin.*4'‘l J 


(») 


Sin. 

Here d is the only unknown quantity to be determined, since 
.... A. the terrestrial measure 
of the arc of n complete degrees ; being the measure of 
the first degree in latitude by observation. 


Then A s= -f rfj u -I" ^ + 




Sin. Sin. * Sin. * Sin.*/^*^ 


And d 


{(Sin.’ 


- Sin* Sia.‘* 4*l 
Sin. * 


Sin. » /O)) + (Sin.* Ksl—Sin. * ,„ . Sin. * Sin, » 

when d becomes a known quantity. And sinceSin.’A*^^ Sin.’/' ^ 
is a constant and known quantity, if ^ ^, .1 , be called 

Q, we shall have the order of contipous degrees as follows : 
;; ssan + 

«* + Q [Sin.*/*^ -Sin.‘/*>} , : 


} 


} 
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=:m + Q — Sin//^'^}&c. 

=:? ?n + Q — Sin//*' } 

To apply this formula to the present measurement, it will 
be necessary to have a terrestrial arc to correspond with the 
celestial one of complete degrees, and the first degree deter- 
mined by observation. If we begin with the degree in 
latitude 9® 34J'44)'^ which is 60472,83 fathoms, as the mean 
degree deduced from an arc of 2® 50' 10", 34, where the 


fatho^, 

corresponding terrestrial arc, is -• - 17151^,75 

The half of which is the distance of the middle 
point of the arc from Patchipolliam, equal - 83738,375 

To which add half the degree south, or - 30,236,413 

Their sum is the terrestrial arc between half 
the degree south of the middle point and 
Patchipolliam, - - - as 113994,790 

The latitude of whose commencement is 9°4^83 ”, 66 
the latitude of the south extremity of an arc of 
complete degrees. 


Now the terrestrial arc between Patchipolliam 
and Namthabadls • - . 348188,334 

And between Namthabad and Daumergidda - 178904,700 
Their sum is the terrestrial arc between 9® 34^ 43'' 

66 and Daumergidda - - ^43088,024 

The latitude of Baumergidda, by adding the arc 

»8ll) by 11,3 stars, to ^iMjyatitudc'Of ■ ■■ , '■ 

) ghfe#^,|, ^ '''.aS^8'ss",64' 
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(9® 53' 45">S5) as determined by seven corres- 
ponding stars, to the latitude of Punn®, is 18° 03' 23", 64 
The mean of which, or correct latitude, is 18 03 ag ,58 
Hence from 18° 3' 33" ,58 

Subtract 9 4 43 

Dif. or arc 8 58 39 ,9s whose measure is 543088,034 

To which add o 1 30 ,08 whose measure is i345»i84 

Gives the N°. » of! „ , ^ . 

complete degrees)^ » ° ° “ W 433 .at 

Now the measure of the first degree is - 60473,83 

And M = 9, therefore k is equal - $ 44 ® 55>47 

Which subtracted from A gives A— =5 ii 7 o 74 
And Sin.®/^^^ — Sin.V^*^=, 006014; therefore, 006014x117,74 
=s= 1,0689384 =s (A — « . (Sin. — Sin. the 

numerator; and the denominator (Sin.*/ — Sin. 

-h (Sin.*/^ 3 ^ - Sin. Vf") + (Sin. Sin. * /f*’) + . . . 

( Sin. ® /^^^— Sin.®/**^ ) is equal 0,363137. Hfnce we shall have 

( A — )♦( Sin. *K» > . 

4,06335 = d; and- 

•— oo6oh'~ ^7SAT ~ Q» following table 

,haa been constructed. 


MDcccxvnr, 
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Table I. 


^ 

^(3)_ ^(0 ^ Q (Sin. • Sin. */*^) 
+ Q (Sin. * Sin. 

^(S) 5- ^(0 4. Q ( Sin. * Sin. * 

Q (Sin.*/'^^— Sin.“/’^) 
^(>) 4 Q (Sm.*/ 7 ^~-.Sin. 

=a 4 - Q (Sin. * Sin. 

^( 9 ) ;»(0 4 Q (Sin. */(9)_sin. ; 


Degrees. Latitudes. 

60472,83 9 34 . 4 

60476,89 o 34 44 
60481,34 11 34 44 
60486,16 12 34 44 
60491,36 13 34 44 
60496,92 14 34 44 
60502,85 ,13 34 44 
60509,12 |i6 34 44 
60515,74 ,17 J 4 44 


Sum - 1544438,21 

According to this table, the degree in latitude 16^ 34' 44'' 
is 60509,12 fathoms ; and the mean degree for latitude 
16® 34' 42", as deduced from the arc between Namthabad and 
Daumergidda is 60512,78 fathoms, which exceeds the com- 
puted one for latitude 16“ 34' 44'' (which may he considered 
the same) only 3,66 fathoms. 

It may however be necessary to notice that any one of the 


will bring out a compression equal nearly, wl^ch differs 
considerably from the general mean. But a very smaU dif- 
ference in the numerator will produce a great difference in 
the eojttpression, ■ 
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If we suppose -^ 4 ^ to be the true compression, let it be 
determined what the value of m^^^ ought to be to bring out 
that compression ; and by that means to detect the errors of 
the observed degrees, in latitude 9° 34,' and 16° 34' 4a'', 
which last may be compared with . 

Put A = 544433 , 31 ; a =5= Sin.*/*^ — Sin. 7 ^*'= ,006014, 
radius being unity ; b = (Sin. ^ Sin. 7 ^ 4- (Sin.* 

-rr- Sin.'/^*^) + (Sin.*/^^^ - Sin. • sft , 263137. 

Then d = ) === *“ .. yl - l:* ; and — — = 

* — J_. from which is deduced = 

=60475,47 fathoms. Whence d 3,519s. 

And Qsss-^j^j^ = 585,17. From these the following table 
has been computed, from which it appears that the first 
degree by measurement, is 3,6 fathoms in defect ; and that 
the one in latitude 16® 34' 4a" is 5,89 fathoms in excess ; 
either of winch is too small to afiect the eHjptiCi hypothesis ; 
the greatest being only of a second on the earth's surface. 
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Table II. 

Degrees. Latitudes. 

^ 9 34 44 

-i- d ^0478,9.9 10 34 44 

^(3)_ ^(0 4. Q (Sin.V^3) _ sin.“/^'^) 6’0483.84|ii 34 44 

+ Q — Sin.*/’’) (30487,02 is 34 44 

^<0 Q (Sin.*/^’ — Sin.*/’’ ) 604.91,53 13 34 44 

w^’’ 4- Q (Sin.*/^^^ — Sin.*/’^) 60496,3414 34 44 

^ 7 ’= + Q (Sin.*/^’ — Sin.*/”) 60501,47 15 34 44 

wt^^’es! + Q (Sin,*/®^ Sin.*/’’) 60506,91 16 34 44 

m'^’srs + Q (Sin.*/9) _ Sin.*/’^) 60512,64117 34 44 

Sum l 544433 »®i A 

V From inspecting these two tables, it appears that the degree 
iri latitude 13* 34’ 44'' is nearly the same in each, and the 
mean is 150491,46 fathoms ; which certainly must be near 
the truth. I shall therefore adopt it with the compression 
for computing the general tables of degrees for every 
third degree of latitude from the equator to the pole. 

With respect, however, to the compression, that nothing 
may be left undone to give full and entire satisfaction on this 
subject, r shall here add an investigation similar to that 
; given by in the 5th vol. of the Edinburgh 

'l^iipsbj^ical '''Tpansactiohs* where, ; in-, ^ace'" 'of ' using'' the 
; bf:;degi^s due to.particular latitudes, ''t^^ measured 

'Umplitudes '' are, m^e use^of, -the latitudes'' of 
•■determined--v^ith 'great accuracy. 
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Let ADBE be a meridian of the earth, where A is at the 
equator, and D at the pole. 

Suppose F to be any point on 
that meridian, and FH the ra- 
dius of curvature of the ellipse 
at that point. Put A C =a ; 

DC = 6 ; r being the centre of 
the ellipse; and let A be equal 
the, angle, .AKF, the latitude 
of F ; or let it be the measure of the arc of latitude aYf, 
to radius unity, or <2K : that is, the measure of the angle aSf 
in parts of the radius oK, dr unity. Let GF be an inde- 
finitely small part of the ellipse. Then if AF = z, GH = z 
the fluxion of the arc AF of the ellipse; and if GH be drawn, 
then the ahgle GHF == < g K/ = A or fg the fluxion of the 
arc pf latitude afto radius 1 . Hence as 1 : A: : FH : z =A.FH. 
But the radius of curvature FH == b ‘ — a'*. Sin. ® A -f- 
b* Sin. A)""'^. Let e be the elliptic’ity, or a — 6 ; then b = a — e, 
and 6* ssss a* — a ae very nearly; since c* Is very small. Hence 
FH’!= — '2^) . ( 2'*. 2ue.'' Sn. *;A) 

Sin.*A)'~^= (1 — Sin.*A)-^ = 

= 2 (1 + ^ - Sin.* A) very nearly, by rejecting all the 

terms involving e* and its higher powers. Hence FH= 
sssta^ia-^ se). Sin.® A) == a — 2s -{- 3^. Sin,® A, 

which substituted fpr FH, we get k == A(a—-a,e -^‘.^e, Sin.®A)=: 
== A (u— 2^) + A (s‘e. Sin; *A,). : But Sin.* A 
and therefore at ==4 (a —■ &e)-^^e A— - 1 e A. Cos. s A ; whose 
^ (2"?* 5:^1 Sin. 2AssflA— ^ A.Sii5.'2A) 

which requires no correction! And this is the measure of an 
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arc on the meridian extending from the equator to the lati- 
tude of the point F ; wlierc A denotes the arc of latitude in 
parts of the radius i. 

Let be any other point on the meridian, whose arc of 
latitude is A'. Then Al^ = a A'— r Af. Sin. aA) and 

therefore F F'=a(A'— A)— + i* Sin. 2 A'— J. Sin. 2 A. | 
Let F", F'", be any other two point.s on the meridian whoso 
respective arcs of latitude arc A" and A"'. Then from the 
same reasoning as above, we have F" F*"= a (A'" — A")— 

Sin. 3 A'" - I Sin. “ A'} 

Now FF' and F'^ F" are here supposed to be measured arcs 
on the meridian, whose respective lengths in fathoms may be 
called L and L^ corresponding with the celestial arcs A'— A, 
and A'" — A". To shorten the operation, put A'— A asr; 

A'" - A" = Also + 1 Sin. A'— i . Sin. A = S, and 
4. 1 . Sin. 3 A'" — . Sin. s A" = S^ Then wc have 
L ssas ar — as ; L' sss ar' — es\ And therefore a sss : — 

— « ~ “ yFZrpr ; and ~ equal llio compression 

expressed in fractional parts of the semi-equatorial diameter. 
To apply this to the case in question, 

Let A =ss the latitude of Punnas =s b q 38,4, 

A s=a the lat. of DaumergiddastB 18 3 33,6 

A' — Asssr - ^ 9 63 4 i 6 >^ 1737158 

A^'ssa lat. of Montjouy - 4,1 ti 

A"'*® lat. of Dunkirk - 51 03 019,3 

A* fSK r ' - - 9 4,0 34,34 ess, 1688397 
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Put 5 « + I Sin. a A'— I . Sin. a A = , 3176258 

5'- ^ 0 :^ + 1 Sin. a A"'— | . Sin. a A"=, 0738689 
L = 598610 1 arc be- r Punns and Daumergidda, 

*L'= 587475,4,1 J tween UMontjouy and Dunkirk. 

« = = 3483955 




€ 

a 


rs ' - 


'f's 


9820,8 
: nearly. 


i'L— sV 

In the paper which I sent to the Asiatick Society, and 
which will appear in the 13th volume of their Researches, 
the terrestrial arc between Barcelona and Dunkirk, as given 
in the ad volume of Colonel Mudge's Survey, was made use 
of, and is there stated to be 587987 fathoms, which gives the 
compression by this method But there must be some 

mistake in this ; for by comparing it with the distance 
between Montjouy and Dunkirk, as given by De Lambre, 
the former is considerably greater than the latter, though 


Montjouy is 3" south of Barcelona. The mean degree for 
latitude 47® 34' used in that p^per for deteimining the 
elliplicity> compared with the Indian measurements, was 
deduced from that arc, and gave the compression while 
the general mean compression obtained by comparing these 
measurements with the French, English, and Sw^ish de- 
grees, was nearly> 

Since it is here determined to adopt -54^ as the compres- 
sion, and 60491,46 fathoms for the measure of the degree 

• See voL uL p. 89, Base da Systetne Metrxque, wBere the arc between Montjouy 
and DunkiA is 551583.6 toises, or 587657,17 fethoms, at the temperatarepf ji*. 
Which redaced to the tempeiatare Wf 6a*, will be 587475,41 fathoms. : 
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on the meridian, due to latitude 13" .‘U*' 4 l" ^ 

m'=: 50491, 46 ; V= t<S 34' 41 '’" degree 

in any other latitude /; by equation 5,;/!= ^1^77 • 

If w have its middle point on the ccpiator, wliere i =. 0, then 
- - Co45y,2 fathoms. 


m 


1 4- 30. bin.*'/ 


1,000s 534 <; 


By equation 16, p = m . = h'oj,59,a . i±^s=a 

=s 60459,2 X 1,006431 =60848 (atiionis- for tlu* degree on 
the equatorial circle. Put A = 57 , ut)577f)5 the are equal 
radius. Then A . p == 57 °> x 60848 =s= 3486334 = ; 

and therefore a = 6972668 fathom.s ; and coti.setjucnlly 
b (= a. {1 — e)=z 6972668 X 9967742 = 6950176 fathoms, 
the length of the polar axLs. Now .since 6972668 i.s the 
diameter of the equatorial circle, then 3,14159, 8rc. multiplied 
by 6973668, gives 21905280 fathoms for the cit cumference 
of the circum.scriblng the cni{)tic mei itlian. Put r/ = 1 •*- 

ss, 00644. Then a.s 1 : 1 — (j. 4. ; : 31905280, 

the circumference of the circiun.scribing circle ; 3 1869976 as 
the circumference of the elliptic meridian ; which, divided by 
4, gives 5467494 fathom.s for the quadrantal arc of that 
meridian ; and this reduced into inches, and divided by 
10,000000, will give 39.366 inchc.s for the French metre, at 
the temperature of 62*. Now, the m6tre deduced from the 
measurements of De Lambre and Mechain, and reduced 
from 32® to 62“, wa.s 39,371, English inchc.s, which exceeds 
t]^ one by ,005 inches ; a quantity too small to affect any 
st»iWfrd measure ; so that the mitre as deduced from a 
com^ll^m? of all the recent operations, may be considered, 
as to jptirposep, t4e same as that which has been 
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% 

adopted by the French mathematicians, being obtained from 
comparing the measurements of De Lambre and Mechain, 
with those of Bouguer and Condamine. 

As I am in hopes that another section, and perhaps more, 
will be added to the arc, I shall defer making any ^nal 
conclusions till I see what may be done. The next station of 
observation, I propose to be as near the latitude of si® 6 ^ 5" 
as possible, in order that the middle point of the section may 
fall in 19° 34' 44", so as to compare the mean degree as 
obtained by observation, with the one computed from the 
increments as in the foregoing tables. I say another section, 
and perhaps more ; because should the country to the north- 
ward be open and settled, there may be a possibility at some 
future day, of continuing the same arc to the northern 
confines of Hindostan : so much, at least, seems neces^sary for 
laying the foundation of Indian geography; and if it were eonr- 
ducted with zeal and judgment, it would not be a work of 
many years, provided the features of the country be favourable. 
The wJmle time taken up in the measurement of the arc 
betw'een Ptinnse and Dauinergidda^ incIudlhg fliU baed li^, 
astronomical observations, Stc. ; that is to say, the entire field 
work, has only been three years and nine months ; and a cotir 
siderable part of the corrections for the stars, for the angles, 
and for the reduction of the base, were done during the time 
of measuring the base and observing for the zenith distancess ; 
$0 that r suppose/o«r years and a half may jte allowed for tlie 
whole work. Ftom this estimate^ the meridional arc might 
be continued from Daumergidda to Dhelli in about five years, 
if no local impediment disturbed its progress. It is howe^j 
probable that difficulties ihight ocq^r ih Sindia’s 

' MDCCCXVril. ■ ■ . sX ^ 
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which a northern tiircctinn from Daumcrgultl i uoulil 
it neex'ssary to passthrough. Hut it woiiltl In* a suilu'u'nf jioitil 
gained, if a series <)rtruingk“^ were earned from Nagpoor tn 
Berar, to Kalpy on the Jnmna, which two places, if the maps 
arc correct, lie nearly on the same nicridiaiu From Kalp\ , 
the meridional series might perhaps be continued north lo 
the Kemaoon mountains ; Kalpy would also be a favourable 
position from which to extend a series to the east aitd we.sl, 
and for meridian stations not more than sixty or seventy miles 
from each other, where the iw.sitions of the meridians fuight 
to be determined by pole star observations. Data would tlitn 
bo had for extending tiie .survey on a more enlarged scale 
over the upper provinces ; and the arc between Nagpoor and 
Kalpy might be easily reduced to the one terntinating in 
latitude at® 6' (that station of observation and the one near 
Nagpoor being connected), so as to form one entire arc 
between the parallels of Punnas and Kalpy. Tlius would be 
ftffasftd a georaetjfical oonneetiott between tba southern and 
northern possessions of the East India company, and a oom- 
pletc basis laid for local and detailed surveys of tht whole. 
Innumerable might be tho individuals employed In Ciirying 
them into effect, and various might be tb«<|#flOil|>tion of 
"Ibeie surveys# S^f sssistance of this work as a foundation, 



;th« hiMt dppttKM 



w 




fg be formed 
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Tlio lengths of different degrees computed from the fore- 
going data, for every three degrees from th,e equator to the 
|H)Ic. 


Lat 

Degrees pn 
the meridian.^ 

Degrees on the 
perpendicular. 

Degrees of 
Longitude. 

0 

1 

9 

12 

*1 

18 

H 

27 

30 

11 

39 

42 

45 

48 

S» 

54 

60 

63 

66 

1 * 

il 

84 

87 

90 

60459.2 

60460.8 

60465.6 

60473.5 

60484.5 

60498.4 

60515.1 

60534.3 

60556.0 

60579.8 

60605.5 

60632.7 

60661.3 

60690.8 

60721.3 

60751.8 

60782.3 

60812.5 
' 60842, 1 

60870.7 

60898.0 

60923.7 
609^7,5 

6*005,* 

6toi8»9 

61029.0 

61037.8 

61042.6 

61044.3 

60848^0 

60848^4 

6085^,8 
60856^5 
60S0 »i 

60S663J 

60873,2 

60880.5 

69888.5 

60897.1 

60906.2 
60915,8 

60925.7 

60935.7 

60946.1 

60956.4 

60966.5 

60976.5 

60986.1 

60995.2 

61003.8 
6toit,8 
61018/9 

61625.6 

61035.8 
6x039,5 
61042,*' 

61043.7 

61044.3 

608^8,0 

60765.0 

60516.8 
60x03,6 

59526.7 

58787.3 

57887.7 

56830.0 

55628.1 

54252.0 
S!»^ 8,4 

5 1080.2 

49281.9 

47348.* 

45284.0 

43095.4 

40787.8 

38367.5 
3584*,* 

33 * *5.4 

30497.6 

27695.2 

24815.7 

21867.2 

18857.9 

9548.7 

6380,6 

3 * 94.8 
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PRESENTS 

received by the 

ROYAL SOCIETY, 


From November 1817 to June i8i8. 

WITH THE 

NAMES OF THE DONORS. 


1817. PRESENTS. DONORS. 

Nil#. 20. Valor Eccksmticus Temp. Hen. VIII. auctoritate The Commissioners of 
regia institutus. Vol. III. 1817. fol. Public Records. 

Transactions pf the Geological Society. Vol. IV. The Geological Society, 
pt. 2. London, 1817. 4® 

Urh-Cheh-Tsze-Teen*Se»Ym*Pe-Keaou, being a Dr. Montucci. 
parallel dratvn between the two intended Chinese 
Dictionaries, by the Revd. Robert Morrison, 
and Antonio Montucci, LL .D. London, 1 8 1 7. 4® 

Commcntationes Societatjs Regiaj Scientiarum The Royal Society, of 
Gottingenris Recentiores* Vd* , III. ad A. Sciences of Gottingen. 
MDcccxiv^xY. Goriingae, iSi^. II 4® 

Kongl Vetenskaps Acadermens Handlingar for tte Royal Academy of 
Ar 1815 &1S16. Stockholm, 1815. Sciences at Stockholm. 

A System of Chemistry, by Thomas Thomson Dr. Thomas Thomson. 

London, 1817. 4 Vols. 8® 

A Treatise on the Nature, and Cure of Gout and Dr. Charles Scudamore. 
Rheumatism, by Charles Scudamore, M. D. t 

London, 1817. , S® , 

An Essay on the Nature of Heat, Light, and Eke- Charles Carpenter Bom* 
tricity, by Charles Carpenter Bompass. London pass. Esq. 

1817. ; / 

Medico*Chirurgical Transactions. Vol.VIILpt.I. ^ TheMedico^Ibirurgical 
London, 1,817. Society. 

Racconto istorico della Vita. di Gio Battista ddla : Francisco Cotogelo. 

Porta. N^olii' ■ ; ’ ’ ''”8^ 

TaM^au du vlimat 4 eE Antilks et des Phenom-fenes M* de jonnes. , 
de Km Muence snr les Plante?* Ifis Animaux, et 
PEspecc Humaine, par At- M oreau de lonnes. 

Paris, 1817. 8^ 
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No». 20. 
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FRIiSIiNTS* 

Experiences qui font connaitre qu’on ne j)cut acl- 
tnetlre nnnocuitc de EEau dc Mer disiillc, par 
B.G.Sage. Paris, 1817. 

Memoires Historiques ct Physiques, par B. G. Sage, 
Paris, tSiy. ^ S® 

Extracts (in Russian, Latin, German, and French) 
from the Regulations of the Imperial Library at 
St Petersburgh. St Petcrsburgh, i8i4, 8® 

Canon Fellianus, sive Tabula simplissimam iEqua- 
tionis cclebratissinia‘/r:<»4r ^+ 1 Solutioncm pro 
singulis uumeri dati valoribiis ab 1 usque ad 
1000 hi numcris rationalibus iisdcmque integris 
cxhibcns. Auct. Car, Ferd. Degen, Haunise, 
1817. 

Observations on the Casual and Periodical Influ- 
ence of particular States of the atmosphere on 
human Health and Di<»ense, particularly Insanity. 
By 7 'homas Forster, F. 1 ^. S, Loudon, 1817. 

go 

Observations on the Phenomena of Insanity, by 
Thomas Forster, F. L. S, London, 1817. 
Astronomisches Jahrbuch fur das Jahr 1819. 

Berlin, x8i6. S'* 

Annals of Philosophy, No. 56 to 58. 

The Monthly Review from July to Oct 1817, and 
Appendix to Vol. LXXVUr. 

The Philosophical Magazine, No, 231 to 234. 

The European Magazine from July to Oct 1817. 
Histoire de PAstronomio Anciemur, par M. De- 
lambre, Paris, 1817, 2 Vols, 4’*' 

Tables ieliptiques des Satellites de Tupker, par 
M. Delambre, Paris, 1817, 4<* 

Essai historique sur Ic Problhme des Trois Corps, 
ou Dissertation sur hi 'Pheorie dts Mouvcmtns 
de la Lane ct ties P]anetch« Abstraction fake dc 
kur Figure, par Alfred Gautier, Paris* 1817. 4^ 
Traiti des Caractires physiques des Pierres pre- 
cieuses, pour servir ifeur Determination lorsqu* 
elks ont txi taillees, par M. FAbbi Haiiy, Paris, 
X817* 

Transactions of the Horticultural Society of Lon* 
don, Vol, JL pt 6, London, 1817. 4® 

Physiological Lectures, exhibiting a General View 
of Mr. Hunter^s Physiology, and his Researches 
on Comparative Anatomy, by John Abernethy, 
F, R* S. London, 1817. 

The Zoological Miscellany, being Descriptions of 
new or Interesting Animals, by William Elford 
Leach, M, D. Voh HI. London, »8i 7. S** 

OaLuliadas, Poemt Bpico de Luis de C^moSs, nova 
edited* correcta, e dada & lua por Dom Joze 
Mafia de Souza BotelbQ« taria# 1817* 4« 


DONORS. 

M. B. G. Sage. 


Charles Etter, Esq. 


Car, Fcrd- Dcgcn. 


Thomas Forster, Ksq* 


Professor J. E, Bode. 

Dr. Thomas Thomson. 
Mr, G. E. Griffiths, 

Mr, A. Tilloch. 

The hhiitor, 

M. Dclambre. 


M. A. Oiuilier. 


M.l‘Abb^ Haiiy. 


Horticultural Society of 
London. 

Mr. John Aberncthy, 


Dr.W. E. Leach. 


Dorn Jozft M« de Souza 
Botelho^ 



1817. 
Nov. zo. 


27, 


Dee. II. 


1818. 
Jan. i. 
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PRESENTS. 

Vetusta Monuments, Plates i-xviii. of Vol. V. 

Archasologia (ad part of Vol. XVIIL) or Mlscel* 
laneous Tracts relating to Antiquity, published 
by the Society of Antiquaries of London, 1817.4® 

Flora Capensis, sistens Plantas Promontorii Bonae 
Spei Africa; secundum Systema Sexuale etnen- 
datum, redactas ad Classes, Ordines, Genera, et 
Species, cum differentiis specificis, synonymis, et 
descriptionibus* Volutn. I, fasc. i. Upsalis, 
1817. 8® 

Dissertatio Botanica de Drac^na. 

Reformandse Pharmacopoeias Suecic® Specimen 6 
ct 7* 

D. D. Museum Naturalium Academise Upsafiensis 
App* 9, et 1 1-17. 

Report of the Committee of the Hon. House of 
Commons on the Employment of Boys in 
Sweeping of Chimneys, together with the Mi- 
nutes of Evidence taken before the Committee, 
and an Appendix. London, 1817, 8® 

Calculum Differentiae Longttudinum Geogr^phi- 
carum Locorum duorum ubi Observatio Stellae 
a Luna occultatas facta est, explicayit simulque ■ 
calculum conjunctionis Veneris cum Regulo, 
Anno 1817 expectandae, et Indicem Erratorum 
fnTabuIis Solis ac Lunas, quas edidit Le Bureau 
des Longitudes de France, adjecit Fridericus Gu- 
iielmus Toennies. Dr. Philos. Berolmi, 1816. 8® 

Observations sur le Systeme Metrique des Feuples 
Anciens les plus connus, applique aux distances 
Itineraires, par P. A* Latreille. Paris, 1817. 8* 

Chart of the Variation of the Magnetic Needle for 
all the known S^as comprehended within Sixty 
Degrees of Latitude North and South, with a 
new and accurate delineation of the Magnetic 
Meridians, accompanied with suitable Remarks 
and Illustrations, .by Thomas Yeates, 18.17, 
z sheets. 

Inaugural Address delivered in the Chapel of the 
University of Cafnbridge, Dec. ii, 1816, by 
Jacob Bigelow, M. D, &c. Boston, 1817* 8® 

Annals of Philosophy, No. 60. 

Philosophical Magazine, No. 235. 

•Monthly Review for November.' 

European Magazine for November- 

Qttotriodo ex Observatione Occultationis Stellas 
fix»a Lunaefiectae LongitudoGeogrwbicaL^ 
obsemdonls computetur explicant Frid." Guil. 
Toennies. BefoUm, r8i6i 4 ® 


DONORS. 

The Society of Anti- 
quaries. 


Car. Pet. Thunberg. 


Professor C. P. Thun- 
berg. 


William Tooke, Esq. 


Dr. F, Gul. Toennies. 


M. P. A. Latreille, 


Mr. Thomas Yeates. 


The Corporation of the 
University of Cam- 
hridge,United States. 
Dr. Thomas Thomson. 
Mr^ Alexander Tilloch. 
Mr* G. E. Griffiths. 
The Editor. 

Frid* Gull Toennies. 



iSiH, 
fan. 8 . 
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PRESENTS. 

Astronomischcs Jahrbuch fur das Jahr iSato, DlUIu 
1817. 

Bssai Philosophique sur Ics IVohabilitcs, par M. 

Le Comte Laplace, 3cmc edition. Paris, i8i6. 8 “ 
Memoirc sur le Mouvement des Flukles dans Ics 
Tubes capillaires, ct PInflueucc de la Tempera- 
ture sur ce Mouvement, par P, S* Girard. 
Paris, 1817. 4*’ 

Memoirc sur les Mesurcs Agraiics ties Anciens 
Egyptiens par M. P. S. Girard. foL 

Observations sur lu Vallcc dM’lgyple ct sur I’Ejc- 
lutusscmcnt Scculairc du Sol qui la recouvre, par 
M. P. S. Girard. toL 

Magna Britannia, being n concise Topographical 
Account of the several Counties of Great Britain, 
by the Rev. Daniel Lysons, A. M. and Samutl 
Lysons, Esq. VoL V* London, 1817. 4*^ 

Libronun impressorum qui in Museo Britannico 
adservantur Catalogiis. Loud, 1813, &c. 
Vols.L-VL ^ ^ 80 

Medico-Chirurgical 'rransactions, published by 
the Medical and Chirurgkal Society, VoLVIIl. 
London, 1817. 8«> 

A Journal of Science and the Arts, No* 8. 

Annals of Philosophy* No. fii. 
llie Philosophical Magazine, No. 336. 

1'he Monthly Review tor December. 

'Phe European Magazine for December. 
Descrizione ed uso di una nuova Scala da applU 
carsl al Barometm per eonoscere Poltezze del 
luoghi senza calcolo, di Jacopo Bertoncelli. Ve- 
rona, 1817, 

The Life of Robert Fulton, by his friend Cadwal- 
ladcr J). Cold(u. New York, iHiy. 8® 

A Geographical Description of the State of Loui- 
siana, the Southern pmt of the State of Missis- 
sipi and Territory of Alabama, by William 
Darby. New York, 1817* 8^ 

Observations on the Geology of .the United States 
of America# with some remarks on the ei&ct 
produced on the nature and fertility of soils' by 
the Decomposition of the different classes of 
Rocks# by w illiam Maclurc. Philadelphia# 1817, 

g* 

Journal of the Academy of Natural Sciences of 
Philadelphia. Vol. I. Nos. a and 3. 

Report of a Committee of the Linnean Society of 
New Brtuland reliti^ to a large Marine Animal# 
imposea to be a Serpent# mu near Cape Ann# 
laasi^^humts# isv iSiy* loston# iSs|# 


/JONORS. 

Pvotcbsor Bode. 

I'hc Marquis de Laplace 
M. M* P. S. Girard. 


Revd. Dan. F^'^ons, and 
Samuel Lysoiis, Ks’«]. 


The IVusltcs of the 
British Miustum. 

The Medical and Chi- 
rurgical Society. 

The Managtrs of the 
Royal Institution, 

Dr. 'Ehomas 'Ehomsou. 
Mr, A. lllloch. 

Mr. G. K. CJriffiths. 
The Editor, 

Sig. Jacopo Bcttoncelli. 


Dr, David IRisack. 


TheAcademy of Natural 
SclencesatPh 5 ladelphi.n, 
The Linnesn Society oi 
New England, 
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Presents. 

yun. i§, Tlie Nautical Almanac and Astronomical Ephe-* 
meris for the years 181*9 1820. 8^ 

22. Counoissance des Terns pour PAn 1820. Paris, 
1818. 8® 

Feb. Astronomische Beobachtungen auf der Koniglichen 

Universitats Sternwarte in Konigsberg von F. 
W. Bessel, zweite Abtheilung vom i Januar 
bis 31 Decern. 1815. Konigsberg, 1818. fol. 

Annals of Philosophy, No. 62. 

The Philosophical Magazine, No. 237. 

The Monthly Review for January, and Appendix 
toVol. LXXXIV. 

The European Magazine for January. 

X2« Annales des Mines, Vol. L and Nos. i, 2, 3, of 
Vol. II. 

Surgical Essays by Astley Cooper and Benjamin 
Travers, Part L London, 1818. 8° 

19. Marine Surveys, 10 Sheets, by Officers in the 
Servicp of the Hon. East India Company, viz. 

A Chart^f Goa and Murmagoa Roads. 

A Survey of the Reef and Point of Pajmiras. 

A Survey of the River Choo Keang, or Tigris, 

A Survey of Canton River. 

Plan of Oie Haie Harbour. 

TrigonometricalPlan of Ki-san-seu,or Zea-oo-Tao 
Harbour. 

A Plan of Mathurin Bay. 

Continuation of the Coast of China from Breaker 
Point to Lamak Island. 

Charts exhibiting the Tracts of the Hon. East 
India Company's Ships, Discovery and Inves- 
tigator, in the Yellow Sea, when accompanying 
the Embassy under His Excellence Lord 
Amherst. 

Plan of Appo Shoal and Islands adjacent. 

Index Testaceologlcus, or a Catalogue of Shells, 
British and Foreign, arranged according to the 
Linnean System, &c. by W. Wood, F. R. S. and 
L, S. London, 1818. 8® 

The first Centenary of concise and useful Tables 
of complete Decimal Quotients, &c. by Henry 
Goodwyn, Esq. London, 1818, 4^ 

A Meteorological Map of theWeather at Kinfauns 
Castle. N. B. For the year 1817. 

26. Nos. IX. X. XI. XXI. XIU. of Addenda et Cor- 
rigenda to the Edition of the Hippolytus Ste- 
phanepboros of Euripides, by the Hon. F. H. 
Egerton* 4® 

Memoirs of the Wernerian Natural History Society, 
Vol. II. pt. 2, for the years 1814, 1815, 1816. 
Edinburgh, i8i8. 8« 


Donors. 

The Commissioners of 
the Board of Eongitude 
Le Bureau des Longi- 
tudes de France. 
Professor Bessel. 


The Editors. 

Mr. A. Tilloch. 

Mr. G. E. GriflBlths. 

The Editor. 

Le Conseil General des 
Mines de France. 
Astley Cooper and Benj, 
Travers, Esq. 

The Court of Directors 
of the Hon, East India 
Company. 


Mr, William Wood. 


Henry Goodwin, Esq. 


Lord Grey, 

The Hon.Francis Henry 
Egerton. 


The Wernerian Natural 
History Socipty. 


SY 


MDCCCXVni. 



IIONOHI* 


t: .. 

i8i8. VKH'i-h . 

March 5. Narrative of aii KxpeiUtioii Jo cvp'ori* llu‘ lUvd 
Zaire, usually e.illc<l tlvO ,0, inSocth Afiii.’, 
in 1816, under die diucuim ol Captaiu J. K. 
Tuckey. R. N, i«i8 4 ” 

Appendix lo Vol. 1 . of (he Synopsis Moilwuni, 
and pvelace and title page to second Kditioii. 
The 'l’ransae(ions of the Liuncan Society of Iioii- 
doH. Vol.Xll.pt I. 4" 

Annals of Philosophy, No. ^>3. 

The Philo.sophical Magassine, No. 51. 

The Monthly Review tor February. 

The European Magazine lor February. 

A Description of tlie Collection of Ancient Marbles 
in the British Museum, with Etigravings, 
Part III. London, 1818. 4" 

Precis Historique des Memoires pwhlius sur I’Eati 
deMer. Paris, 1817. _ 8* 

But de la Nature dans la formation quotidienne 
du Sel dans PEau tie Mcr. Paris, i8 18. 8* 

Petition dc B. Sage, Ac. ti S. Ex. le Ministre de 
IMnterieur. Paris, 1818 _ 8« 

Phenomenes que presente le destruction dcs 0 >rp.s 
des Animaux apres leur Mort, Paris, 1817, 8'* 
13 . A Course of Instruct ion originally composed lor 
the use of tlie Royal Engineer Department, by 
C. W. Pasley, Cant. R. E. Luudon, 1K14, 
3 Vols. 8" 

Essay on the Military Policy and Institutions of 
the Brltidt EnipiiOi by C. W. Pasley, Ac. Ac. 
4th Edition, part I . tondwi, 1814, 8* 

The Elgin Marbles, with an abridged Klitorical 
and 'Popographical account of Athens, by the 
Rev, E. 1 . Burrow, A. M. Ac. London, 1817, 
Vol. r. 

Elctnentt of Cotirhology according to the Linitcoti 
System, illustrated by 38 plates drawn IVoni 
Nature, by the Rev. E. 1 . Burrow, London, 
181;. So 

Tndti coroplet d« M^canique appUttuSe au* Arts, 
par M. J. A. Borgnls. Paris, i8t8. 4» 

guppldmeiit il la Tnlorie Analytiqoe des Frobao 
Sair^s. 4* 

On the Efects of Compression and Dilatation in 
altering the polarising Structure of doubly 
refi««trnt Crystals, by Dr. Brewster, LL. D. 

■ ,» Kn,.i: 

ajp. 



Ml, (ohu Muriay 


I)i. Robert Rohcitson. 

The Linntcan Society 

Tlie Editors. 

Mr. A. Tilluch. 

Mr. Ci, K. GriiTuh'!. 
'Flic I'Ulitor. 

The Trustees s)f the 
British Museum. 

B. G. Sage. 


Lieut. Col. C.W. Pasley 


The Revd. E. I, Burrow, 


M> L A, Borgnis. 

Le Marquis Liaplace. 
Dr. David Brewster, 


Smsmos Lennig. 

The Editors. 

Mr. Alex. Tilloch. 
Mr. 0 . B. Griffiths, 



DOKORS* 
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PRESENTS* 

April 2. The Eurmjean Magazine for March. 

Journal or Science and the Arts, No. 9. 

A Map of the North Polar Regions, by Henry- 
Martin Leake, Lieut, R. N, 

9. Transactions of the Society instituted at London 
for the Encouragement of Arts, Manufactures, 
and Commerce, Vol. XXXV, London, 1818. 8« 
Is it possible to Free the Atmosphere of London 
in a very considerable degree from the Smoke 
and deleterious Vapours with which it is hourly 
impregnated ? 

Trattato Teoretico Pratico su la Raced ta del Nitro 
di Pietro Pulli, Tomo I. Napoli, 1813. 8® 

Statistica Nitratria del Regno di Napoli del Cav. 
Pietro Pulli. Tomo II. Napoli, 1817. 8^ 

i6. The Travels of Marco Polo, a Venetian, in the 
13th Century, translated from the Italian, with 
Notes, by W. Marsden, F. R. S. &c, London, 
i8i8, 40 

Merkwurdige Phanomene an und durch verschie- 
dene Prisrnen-zur richtigen Wurdigung der 
Newtonschen und der von Gothischen farben- 
lehre. Von Dr. J, Friedrich Werneburg. Nurn- 
berg, 1817. 4® 

Ueber die zeitheridge Bestimmung der Dauereines 
pendel Schlags und der Fallhohe in einer 
Sekunde, von Dr. J. Friedrich Werneburg. 
Eisenach, 1817. 4® 

Meteorologischesjahrbuch von 1814 und i8i5,von 
Canonicus Augustin Stark, &c- Augsburg, 
1817,410. 

A Plaister Caat of the late Charles Burney, D. D . 

23, A Dictionary of the Chinese Language, containing 
all the Characters which occur in the original 
Chinese Dictionary in 32 volumes, compiled and 
published in A.D* 1716, by. order of H. M. 
Kang-He, Emperor of China, by the Rev. R, 
Morrison. Vol. 1 . part 1 and 2. Macao, 18x3- 
i8x6. * * .4® 

Dialogues and detached Sentences in the Chinese 
Language, with a free and verbal translation in 
English. Macao, 1816. S* 

The Principles add Application of Imaginary 
Quantities. 'Books l and 2, by Benjamin Gom- 
pertz. Esq. London, 1817 and 1818. 4 *^ 

30. Practical Observations on the treatment of the 
diseases of the prostate Gland, by Sk Everard 
Home, Bart. Vol. IL London, 8^ 

Remarks on the OrganisJation of the Corps of 
Artillery in the British Service. London, iBiB, 

' 8 « 


The Editor. 

The Managers of the 
Royal Institution. 
Lieut. H. M. Leake, 

R. N. 

The Society for the En- 
couragement of Arts, 
See. 

William Frcnd, Esq. 


Pietro Pulli. 


William Marsden, Esq. 


Dr. J. F. Werneburg, 


Professor Stark. 


The Rev. Charles Parr 
Burney. 

The Court of Directors 
of the Hon, East India 
Company. 


Benjamin: Gompertz. 
& E. Home, Bart 
The Authofr 







iSlS. 


r R E<>£NfTS* 


April ^0* Mcmoire bur la Marine cles Anciens, par J. M. 
Henry y Paris, 1817. 

Annals of Pbilosophy> No. 65* 

'l"he Philosophical Maga»inc> No. 240. 

May 7, Refiecrions concerning the expediency of a Council 
of the Church of England and the Church of 
Rome bein|^ holden, with a view to accom- 
modate Religious Differences and to promote 
the unity of Religion in the Bond of Peace, &c. 
by Samuel Wix, A. M. &:c. London, iHi8. 

The Monthly Review for April, 

The Knropeun Magiuiiic for A|)ril* 

21, Momoives de PAcadernie Impcriale dcs Sciences, 
Litterature ct Beaux Arts de Turin, pour Ics 
Annies iSu-iBiz, 2 Vols. Turin, 1813. 4® 

Memoircs surles Intcgralcs dcfiuies,par M. Plana. 

4 ^ 

27. Memoire snr Ics Oscillations dcs Lames Elastiques, 
par M. Plana. ^ 4® 

Memoire sur la Latitude eth Longitude de PObscr- 
Vdtoire de PAcadernie de Turin, par M. Plana. 4® 
Memoircs Geologiqucs sur les Terreins formes sous 
PEau douce par les debris fossilcs dcs Mollusques 
vivant sur la terre ou dans Peau non salcc, par 
J . Jpaudebart de Ferussac. Paris, 1814. 4® 

78. Hlstoife du Passage des Alps par Annibal, par J. 
A. De Luc, Geneve, 1818. 8® 

Notice Historiquesur M. Moysant par M* Herbert, 
Caen. 8® 

Annual Report of the Royal Academy of Sciences, 
Arts, and Belles Lettres, and Society of AgrU 
culture and Commerce of Caen. 

Considerations respecting Cambridge, more parti# 
cularly relating to its Ilotanical Professorship. 
London, 1818. 8® 

A History of Whitby and Streoneshalh Abbey, 
with a Statistical Survey of the vicinity, to the 
distance of 25 miles, by the Rev, George Young. 
Whitby, x8x7,2 VoL I® 

Juftr 4* Transactions of the Horticultural Society of Lon# 
don. Vol. II.pt. 7, and Vol HI. pt. 1. London, 
1818, 4® 

Additional Bye Laws of the Horticultural Society 
of London,. London, 1817. 4® 

An Introduction to Entomology, or Elements of 
the Natural History of Insects, with Plates, by 
W* Kirby, A, M, and W, Spence, Esq, (thirct 
edittom) London, *8*8. 8® 

Monograpbia Apum AngU», or an attempt to 
dmie into their natural Genera and Families 
such soecles of the Llnnean genus Apis, as have 
bdehAsoovertd in Kngiandi% W* Kkby^ A* M* 
Ipswich, s8aa^ a-Volfli» 8® 


M. J. M. Ucary* 

The Editor, 

Mr. Alexander Tilloch. 
Rev. Samuel Wix. 


Mr. G. K. Griffiths. 
The Editor. 

The Imperial Academy 
at I'liriti. 

M. Plana. 


M. de Fcrussac, 

M, J. A. De Luc, 

John Spenser Smltlu 
Esq, 


Sirjames JCdward Smith. 
Rev. George Young. 

The Horticultural So# 
ciety of London. 

Rev. W, Kirby, 



i8i8. 

Jme 4. 
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PRESENTS. 

The Family Shakespear, ia Ten Volumes, in 
which nothing is added to the original Text, 
but those words and expressions are omitted 
which cannot, with propriety, be read aloud in 
a Family, by Thomas Bowdler, Esq» F. R. S. &c. 
London, 1818. 120 

Memoir relative to the Annular Eclipse of the 
Sun, which will happen on September 7, 1820, 
by Francis Baily. ^ London, 1818. 

Report of the Committee of the London Infirmary 
for curing Diseases of the Eye, occasioned by 
the False and calumnious Statements contained 
in a Letter addressed by Sir William Adams to 
the Right Hon. and Hon. the Directors of 
Greenwich Hospital. London, 1818. 8® 

Syllabus of a Course of Botanical Lectures by S. 
Rootsey, F. L. S. to which is prefixed a Poem 
upon the Importance of the Study of Botany, 
by Mrs. M. Turner of Bath* Bristol, 1818. 12® 
Annals of Philosophy, No. 66. 

The Philosophical Magazine, No. 241. 

The European Magazine for May. 

The Monthly Reriiew for May, and Appendix to 
V0I.8S. 

Shums-ool-Loghat, or a Dictionary of the Persian 
and Arabic Languages, the Interpretation being 
in Persian, comprising also sucb words of the 
Turkish Language as occur in the works of 
Persian and Arabic Authors, compiled from 
original Dictionaries of authority in those lan- 
guages by learned Natives, under the inspec- 
tion of Joseph Barretto, junior. Calcutta, i8o6, 
2 Vois. , ‘ ^ 4^ 

A Dictionary of the Persian and Arabic Languages, 
by Joseph Barretto, junior. Calcutta, 1504. 
2 Volumes. 8^ 

Astronomical Observations made at the RadcHfFe 
Observatory at Oxford from May i, 1817, to 
May I, 1818, by the Rev. Abram Robertson, 
D.D.^c. F0I.MS. . , 

Transactions of the American Philosophical So* 
dety held at Philadelphia for promoting useful 
Knowledge. Vol.L New Series* Philadelphia, 

l8i8.* 4^ 

Essai Sur POrdre considdrd dans ^Administration 
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